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Volume 8 presents an account of K>25 reeearoh and development ac- 
tivities* excluding work oonneotod with the special ohexaioals develop* 
uant program* which is covered in Book VII* the purpose* adminis- 
tration, eontrnotu&l arrangements* and general theory are discussed* 
and an aooount la presented of the development of diffusion barrier* 
special pumps* and special Instruments* this Is followed by a do* 
script! on of pilot plant work* ohenloal and physical studies* safety 
and security aspects* ooets* organisation* and personnel* Other phases 
of the IWB6 Project are dealt with in separate voluoes of Book XI as 
follows I 

4 

Voluae 1 * General Feat u res 
Voltane % • Design 
VbluBB 4 • Construction 
Volvos 6 » Operation 

Activities described extend from the earliest OSRD contracts 9 
negotiated in July 1941* for the study of the diffusion prooess* to 
81 December 194C, by which tine the basic K*-26 research progjrwa had 
been completed* and administrative responsibility paseed froca the 
Manhattan District to the United States Atomic Energy Ceesalsslon* 

A number of appendices are attached to Illustrate the text by neans 
of tabulations* charts* photographs* file references* doeuaentary esc* 
hibits* and a glossary* References indicated by parontheseo* as (App* 
81)* (App» C12)* eto* # refer to Iton 1 of Appendix B* Iten 12 of 
Appendix C$ eto* Asterisks refer to the Glossary* Appendix F* 

the Suonary contains an abstraot of every major subject treated 



In Volurae £• Paragraph nucbora In the Sutamary oorrospond to aootion 
numbers In the main ttxt* 
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SUMMARY 



1. Introduction* - Research and development activities directed 
toward the solution of problems encountered in the concentration of 
UraniuA-235 by the method of gaseous diffusion, comprised primarily/ 
the ohoioe of a suitable feed material, the development of diffusion 
barriers , process pomps, seals, and oontrol instruments, and the adap- 
tion of this equipment to use in the presence of process gas. Research 
programs were centered in a number of university and industrial labora- 
tories under contracts administered principally by the Columbia Area 
Engineer ♦ x 

2m Contractual Arrangements t - The diffusion method was first 
seriously considered at Columbia University in 1940* Columbia was 
subsequently awarded contract OEUsr-106 by the Office of Scientific 
Research and Development, covering the period of 1 July 1941 to 30 June 
1942, the work to be directed by Dr. J. R# Dunning* Contract OEMar-412 
authorised an expanded program under the direction of Dr. K. C. Urey 
from 1 December 1941 to 30 April 1943. Effective 1 Hay 1943 , the 
Columbia diffusion studies were plaoed under Manhattan District contract 
W-7405-cng-50, and the laboratories came to be known by the code name 
of "SAU Laboratories." These contracts called for research and develop- 
ment work lookirg toward the design, construction, and operation of a 
production plant, and evaluation of the diffusion method in comparison 
with alternate isotope separation methods* In fulfillment of their 
major commitments, it was necessary for The M. W. Kellogg Company and 
the Kellex Corporation also to engage in considerable research and 



development work on euoh subjects as barrier manufacture and properties , 
oorroaion, special chemicals, pumps, valves , and control instruments* 
In di s cha rging its resDonsibilit v bjb opera ti ng contractor for the X~25 

plant, the Carbide and Carbon Chemicals Corporation sponsored a number 
of research activities at the Unde Air Products Company, fiakelite Corp- 

* 

oration. Union Carbide and Carbon C orpor ation , Mot&ls DiriJfrtayeti ^ B 
Company, and the Sharpies Corporation. Effective 1 February 1945, the 
basic diffusion procees res earoh program was transferred from Columbia 
University to Carbide under contract *-7W>5-eng-26» Other principal 
prime contractors include the Bell Telephone Laboratories, Prinoeton 
University, Ohio State University, California Institute of Teohnolocy, 

* 

fissionable properties of the U-335 isotope were discovered in 1940, 

• * 

.■ 

the importance of separating it from the non-fissionable Uranium-238 

t 

became apparent* A group of investigators at Columbia University attacked 
the problem by the method of gaseous diffusion. Ths basic working 

■ 

principle of gaseous diffusion was discovered by T« Graham in 1629* but 
the K~25 plant represent e its first commercial application* The funde* 
mental theory for a practical diffusion separation plant was worked out 
by Karl Cohen at Columbia, If a mixture of two gases is placed in a 

* 

the veeeel is surrounded by an evacuated space, the respective rates of 
escape of the two components will be in proportion to the respective 
concentrations, and inversely in proportion to the square roots of the 
respective molecular weights* Thus, the diffueate will be richer in 
lighter component than the original gas* In order to prevent the building 



up of a back pressure in the outer space, and the continuous decrease 
of light component concentration and total pressure within the container, 
a steady siate may be Maintained by continuously withdrawing enriched 
diffusate from the outer apace, and partially depleted residue from the 
container, and continuously supplying the container with fresh feed* 
The K-25 cascade is a repeating seriee of equi p me n t duplicating this 
procedure continuously, 24 hours a day* The "outer spaoe" is enclosed 
by a diffuser, or "converter." The perforated wall is referred to as 
"barrier." A oontrol valve and two gas pumpe are provided to regulate 
gas flew and pressure, and a cooler reaorca the heat of pushing. These 
are the el entente of a practical "stage J "» The K«25 cascade contains 
2892 such stages} the K-27 eaeeade contains an additional 540. In order 
to prevent ordinary, non-separative masa flow of gas, the else of the 
barrier apertures should preferably be below the aean free path of the 
process gas aolecules, or on the order of 0.0000004 inch. ^ 



DELETED /fetors tending to 

~ — ~~ — — t(3) 

reduce the efficiency of separation ares back diffusion of diffusate, 
"Jostling" (intra-aperturo collisions in which light, fast-roving aole- 
oules are retarded by etriking heavy aolecules), non-separative viscous 
flow, surface fl^p flow, mixing inefficiency (formation of depleted 
regions ianediately adjacent to the up-stream barrier face), pinholes 
and leaks, and variations in barrier permeability. The gaseous diffus- 

■ 

ion research program was expanded in December 1942, at which tiae the 

Manhattan District requested the U. W. Kellogg Company (which was work- 

t 

ing under 03ED contract OEMer-406) to continue its research work and 
undertake the immediate design of a 1 kilogram per day 90 per cent U-235 



gaseous diffusion plant. The K ell ex Corporation subsidiary was created 
to prosecute this work. Fundamental research was to be done at Columbia 
under Dr. H. C. Urey, with special studies carried on at the Bell Tele- 
phone Laboratories, Princeton University, and the Jersey City Laborator- 
ies of the Kellogg Company. In early 1942 discussions were held with a 
group of British investigators regarding fundamental alternative plant 
designs. 

4. Development of Diffusion Barriers, - In the latter part of 
1941 the search was begun for a barrier material of the required porous 
structure, and irith suitable resistance to corrosion by UF£. The first 
crude samples were tested with UF& in 1942, and a method of routine 
barrier testing was then developed based on the use of mixtures of 
helium and carbon dioxide as a working substance. The separation factor 
is defined as the ratio of relative concentration of desired component 
after processing, to its relative concentration before processing. 
Relative concentration is the molecular ratio of V^h^ to U^%6 present 
in the process material. From Graham 9 s law, the ideal single stage s sp- 



in creasing function of fineness and porosity of barrier apertures. The 

» 

porosity of barriers is rated by defining a "permeability" concept as the 
ratio of actual flow through the barrier, under specified test conditions, 
to the flow which would occur by molecular effusion if the barrier were 
not present. Permeability is dependent upon operating pressures, in- 
creasing as the difference between fore pressure and back pressure is 
increased. It is also an increasing Amotion of the number and size 
of barrier apertures per unit area. Important chemical properties of 




The actual separation factor is an 



barrier include ita plugging characteristics (tendency of perme- 
ability to decrease with use as a result of UF$ corrosion products 
lodging in the apertures) and its consumption rate (tendency to 
react with and consume the valuable but corrosive process fluid*) 



i 
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Ideal considerations call for a continuous!/ decreasing 



aiae of diffuser from the feed point to the ends of the cascade* 
Practical plant design required standardisation of a small number 



of equipment siaes* 
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Prior to 19A3 atany preliminary types of barrier were tested 
a* nheA the university was awarded contract tt-74Q5-en£-50, 
i of the SAM Laboratories was established for the 



purpose of studying new barriers 
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j These barriers mere brittle, 



difficult to handle and aanufacture, and poor in resistance to corrosion. 
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The product, however, shoved an unsatis factor/ separation 

*y$oe 



J factor./ DELETED 



Staples examined by Kellex shoved good process properties and fair 
neohanical strength* ' 
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v r * 

& /Kellex cooperated j and undertook a surrey 



of Indus try to find a comply to handle ultimate «anufaoture. 



\ 
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A muriber of other contracts were awarded to outside agencies for special 

development of critical items* 



1 
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J\n> Jaauarj 1943, a oontinuoue pro- 
duction pilot plant was designed at the Coiuabia Scheraerhorn Lahore- 

< 

tor/. During tha remainder of that year, a eteadj iaprorencnt In the 
proper tiaa of A barriar ma affected 9 but in January at a mating 

of Manhattan Diatriot offloiala nith Houdame-Herahv, Kellex, Carbide, 
and 8A1I repr oeentatirea , plana nre atade for the 1 mediate eonrarelon 
of the Hourtal 1 1 e-Berahey plant fron A barrier production to H (later 
know aa DA) barriar awmfaoture* The A barrier waa abandoned becauae 
of unsatisfactory aschanieal propsrtiaa, and difficult aanufact tiring 
prohlstts. At this tla» rstpoosibilit/ for Qoordination of all futurs 
barriar rsssareh was assigned to Carbide. 
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^ Ifce method produced aanplee which ahowed 



good diffualon proceas properties* 



DELETED 



P<9€ 



Ths OA barriar was sUUisd bjr £• 0. Morris and W. F. Libbjr 
at Columbia during the pariod when emphasis was bring placed on A barriar 



S7 



devalopnant • It was alio itodiad by the Ball Telephone Company and tha 
Kellex Corporation. 

DELETED 

;^Tha naterial was than 



9° 



foraed Into ahaata by paaeage through a oalander. Thia 
manufacturing was handlad by tha Bakalita Corporation., 
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Thia 



aateri&l shows axcollsnt corrosion resistance after fluorination and 
expo our* to UF£, superior eejfcrctiqg efficiency, and good mechanical 
stability a Iter cover a the uanuf aeturing proceeo is comparatively sinple 



KB barrier exhibits a greater plugging tendency than DA* but ie oapable 
of very satisfactory reconditioning • Production was carried out by the 
Linde Air Products Compear firon January 19t5 until March 1946* 



deleted 



j The majority of the stagts of the K-25 cascade are fitted 

* 

barrier; KB has been ueed in about 50 stages* 
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Of. 



Strenuous efforts were 
Le varieties were 



eventually developed, one manufactured by International Nickel at 

» 

Huntington, West Virginia, and by the lletals Disintegrating Company at 




Of 



r -) f 
I 



Elisabeth, New Jersey, and the other at tha Elisabeth plant uaing 
niokal oxlda obtained from tha Linda Air Products Company at Vonawanda, 
Mot York* A third type was subsequently davalopad and produced by Undo, 
uaing an improved prooeee which greatly increased the rate of production. 
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It vaa manufactured bj 



Undo for several son the, and will be tested by installation in several 
stages of the K-27 cascade, 

5* Development of 3do? M, ^HPTi - It waa realised in the earl/ 
atagea of the process pump development program that a satisfactory 
atage pump would have to have absolutely no loss of process gas, very 
little inleakage of inert gases, no inleakage of oil or condensable 
l vapor, minimum holdup volume, high resistance to corrosion, a wide 

^ range of capacity and compression ratio, ability to handle very dense 

gas, and high efficiency of operation, these requirements could best 
be net by development of a centrifugal type puop. Ultimate choice waa 
made of a single jptage arrangement with overhung abaft, a single tripleat 
seal, and a compression ratio of about 3<1* As produced by the Allis- 
Chalmers Manufacturing Company, the impeller is built up by welding 
from plates, rings, and blades of sheet moncl,and consists of 20 equally 
spaced blades which are curved i&th a backward rrreep* The front and 



back platea are cold foraed in ajt hydranlio preea* The eorell and 
dlffuier are aade of interna 11/ niokel-clad ateel, and all eating 

■ 

Jolnte are welded* 

Earlj pump aaal atudiaa at Columbia Univaraitj wara oantarad 
•round thraa «ain tjpaa, ualng, raapactiyaljr. inart gaa, apaoial lubxi- 
jfating olla, and poaltivo eontaei fluorocarbon poljr*ar aoaling ringa. 

Tha gaatout aaal ahovad graataai pradaa, and waa ultinatal/ aalactad, 

r 

An inlaaktng arranganant waa ohoaan, rathar than an outlaaldng. for 
raaaona of ralatlvo slaplloltjr of oonatruotlonj avoldanoo of rojootion 
or radovary procaaaaa for outlaaldng proooaa gaa. and avoldanoo of tho 
inharant inof floiono/ of Aiadng outlaaldng proooaa gaa atraaaua of 
diffaront oonoontrationa* 

DELETED 



/ Varloua aoohanioal arrangaaanta vara atudiod at tha 
laboratori aa of tho Ingaraoll^fiand (toapanjr, tall aft* SAM, and Carbida, 
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aarrlad out at tho SAM Laborator loa • / 
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Simultaneously with the devolopsmnt of open-motor oentrifugal 
pumpe, various diaphragm types wort investigated in order to provide a 
seal-lees design in tha event of unaatiaf actor/ performance of tha 
nitrogen-sealed machines* A diaphragm pump waa alao eonaidarad aa 
specially auitad for uaa in tha oont e splated uppar aaotiona of tha 
plant* Oaa bearing hlowar development waa proaecuted by Waatinghouaa 
and by Oanaral SLaotrio in clooo association idth Kellex and SAIU 
Various designs vara studied involving a thin metallic diaphragm in 
tha air gap of tha motor* Baaring a ware ltfcrioated by means of 
prooaaa gaa, tha motor ran in normal atmosphere, and no aaal waa 
necessary. A totally enoloaed type waa alao atudied f in which neither 
a aaal nor a diaphragm waa requiredj all parts ran in prooaaa gaa* 
Thia type required epecial inert lubricating oil and motor insulation. 

The density of the gaa handled in the purge oaaoade variee 
markedly from point to point* Decreasing the danaity of gaa handled 
by centrifugal pumps decreases their capacity* Positive diaplaoement 
pumps, however ^can handle gasea of different densities without this 
diaad vantage* Shaker, paddle, rotary, and magnetic deaigna were 
atudied, but a reciprocating type waa ultimately selected for purge 
cascade aervioe* A bellows seal was designed with a tm inch stroke 
distributed among six bellows, units, each independently supported and 
constrained by a "Lasy Jack," which was lubricated with fluorinated oil* 
Tha piston ia lubricated by the process gas, and pump valves consist, of 



light sheet aatel springe. The purge punps were manufactured by the 
Valley Iron Works. 

Materials ef construction suitable for process pusps were 
ueed for the conditioning puapa, but the lightness of the conditioning 

t 

gas required a rary high peripheral speed. Special actors ware devel- 
oped by Weetinghouae for 14*400 RPU aerviee. The pumps were provided 
with two-stage impellers and a disc seal* 

^s^^ePJ^^J^L^S^B^ ^Fa^L'^iVii ^^^a^^^^J ^a^^a^ ^J^J^e^eee^^fcJaelt^t ^ ^su^ ^^^Ma^^ta^afc^S^B^^L JP^^e^^j^ ^af^aat^^ ^s^^B^a^s^^BBUBt 

oped, to be Mounted at the bottoa of a surge dram. Pump bearings are 
lubricated by tha coolant* The pump shaft passes up through a tuba 
rt smi ft g to tha top of tha tank, where a aaaX permit a outlaekage of 
nitrogan confined as a blankat gaa undar alight praaaure abora tha 
liquid surface inside tha tank. 

Early in 1944* Kallex an d tha Beach^ftuss Company etarted 
development of a special rotary, oll-eealed mechanical vacuum pump for 
process gas, of waldad construction and with a apaeial aaal ao as to 

a 

^^S^O^a^a^^dai^^ 9^ ^a^^Ha^Jf^ *at^J^^ ^B^^B^^fta^Gfleu^^^B^ as^^^^^^a^ 49 -aBMfc^^aC^^a^i^aL^S ^b^b^LbbuL auuL^a^ ^F^^a^a^L aa^^)*^ai^aL^^^L^af^a)3^ ^Y^au»*V^ 
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developed, and • for aas/ aooass to tha interior* waldad vacuum Joints 
were dasignsd ao that tha/ oould bo machined or rewaldad with relative 
aimnlidtv* A ouadruDla shaft aaal aas trovlded. and fluorinatad saal 

^a^aBa^a^a^Vep^aaaaaabj ^Paw ^H^V ^a* au^ai ^ ^BMBBBBT^BW^BaseBB) ^BeBv^Bs*eBBB>^BB* ^bbwb*b*ubbbwbub< ^ar ^aw ^Sr^awBBBBBa bbbt^^v^v ^F^^ba ^b»t as* ^BaB^awB^Bramv bbbb>v^bbbbb ^bf ■ubb>^bbv^bw'w bbsubpsbbu^b^b? ^bw^^b ^b^^b^bbbbb> 

oil uaads A heating system aas incorporated for control of oil vis- 
cosity, and a oooling system for oaa at eteady operating speeds, 

Work was undertaken early In 1%U by the F. J. Stokes 
Machine Company to develop a special » rotary • oil— eealed, mechanical 
vacuum pump auitabla for fluorine service, and nesting requirements 
similar to those for tha process gas vacuum pumps. Some difficulty 



was experienced with the units developed in that the seal oil reacted 
with highly ooneentrated fluorine. On the basis of a series of Kellex 
tests, an operating procedure was worked out in such a way as to obviate 
this disadvantage* 

The K-25 high vaouum pumps axst meet requirements for high 
speed, high capacity, and extremely high vacuum* The system finally 
developed calls for connecting equipment to be evacuated to a primary 
pump which discharges to a booster pump, both of which are of oil dif- 
fusion design* The gas then flow into a rotary piston* single-stage, 
high vacuum, oil-sealed fore pump* A refrigerated vapor trap is In- 
stalled ahead of the primary pump* Development work was carried en 

i 

at the National Research Corporation, Weatinghouse, Distillation 
Products, Zno«, and Kellex laboratories* 

6* Development of Special Instruments* - The K-25 instrument 
program was complicated by euoh special conditions as the necessity 
for determining process purity at hundreds of points, the sub-atmos- 
pheric nature of operations, the oorrosiveness of UF£, the need for 
isotopio assay work, and the ultra-sensitivity of the diffusion process 
to steady state disturbances* The mass spectrometer principle forms 
the baais of a number of the more important instrumente In use at K-25* 
It is, itself, based on the concept of ionisation of gases by electron 
bombardment, formation of accelerated ion rays by electrical fields, 
deflection of these rays by a perpendicular magnetic field, and differ- 
ential bending of the paths of ions of differing maassa. The line re- 
corder, working on the mass epeotromster principle, records the concen- 
tration of nitrogen, oxygen, hydrogen fluoride, perflnorodimethylcyclo- 
hexane, and CO^-fl^O* Numerous accessories include a Firani gage for 



sample flow measurement, an "adjustable leak 11 for extremely small flow 
control, a ehemioal trap for UF£ removal, a glass trap for removal of 
mer cur y carried from the diffusion vacuum duibd* and an Ionization gage 
for pressure measurement* Used in routine testing of all process 
equipment prior to placing on stream, the leak detector provides a 
means for r acidly locating any and a ll very small vacuum leaks* The 
xes^tls^o^el ^Ln^^oli^Fes jpl^s^jrlje^g a j sftp ^^f l^eli^im pjpo^bo ^£as o^rsr a suspected 
surface while the equipment is under high vacuum, and detecting the 

■ 

presence of the probe gas in a mass spectrometer type indicator* The 

isotopio concentration of process material saqples* 

^Ta^o ^^^Ls^j»jL^x^\ eo^j^Jt^eB^ ^^oriitee^ o^jf ijttdtt^tis^j^ ^ ^L^^^i^L^^^^ ^L^i a sajB|pl»^^ 
©f proeeas awterial by Beans of neutron bombardment from a radiwe- 
berylliiiA aouree* The resultant spurts of posltivs Ions srs dstsetsd 

¥ 

by collection at a grounded electrode, and ar* proportional, in number* 
to the 0—235 oonoentratloh of the eamnleei Designed for analy sis of 
proeass gas containing relatively high proportions of iapuritiss (as In 
ths purga cascade), tha space raoordar sffaota soasurenent of total 

■ 

alpha omission fcy eleot ri eel collection of resultant gaseous ions* 

MM*, MU WMU. Uotopio mpmUM or th. 

uranium present, the total UF£ concentration in a mixture of uranium 
haxatfluorlde end light diluents oaa be comput ed * The thermal c onduc t^ 

4 

ance cell provides another method fcr determining the amount of light 
diluents in mixtures of nitrogen, and oxygen* It is based on the 
principle that an electric currant passing through a wire increases 

its tenner ature . end that the differenoe in tamerature between the 



wire and the gas surrounding it reaches an equilibrium value, which is 
dependent on the percentage composition of the gas. Since electrical 
resistance of the wire is a function of its temperature, measurement 
of this resistance indioates its temperature, and thereby, the gas con- 
centration. 

Used in the purge cascade, the acoustic analyser determines, 
indicates, and records the volumetrio concentration of light diluents in 

V 

the process stream, and actuates a control mechanism so as to prevent 
overloading of the purge cells because of increased UF$ concentration 
in the process stream being fed to a purge building. The primary ele- 
ment consists of a resonance tube containing a diaphragm at each end. 
One diaphragm is excited by an electromagnetic coil, and sends sound 
waves through the gas ohaaber which excite the second diaphragm and 
cause it to induce a voltage in a second coil* The sound intensity, 
and, hence, the voltage induced is greatest at the natural frequency 
of resonance of the chamber, which in turn is a Amotion of the compo- 
sition of the process sample gas within the chamber* The HF analyser 
utilises a viscosity bridge which is analogous to an electrical Wheat- 
stone bridge. Long metal capillaries are used as the four resistances, 
process gas passing through two parallel pairs of "resistors." A 
differential pressure transmitter and recorder is connected between 
midpoints of the bridge arsis to indicate unbalance. A e odium fluoride 
trap, which removes HF, is inserted between the two oapillaries of one 
branch. This results in a diminished flow through the second leg of 
that branch, and unbalancing of the bridge. The degree of unbalance 
affords an indication of the HF concentration of the sample gas. 



Capable of detecting extremely low UF^ concentrations, 

■ 

trace indioatere were developed to provide a wane for monitoring 
UP $ oonoentratione in the atmosphere, vent gases; seal exhaust llnee, 
and purged (telle* Trace indioatere work by expoaing certain chemical 
reemnte to euenactted niii. the bmbmmi a at UFA Wti_n0 > 4 nrf 1 <*At.ad Kv * 

characteristic coloration* The sensitive element cay eonaiet of sali- 
cylic acid crystals, or absorbent filter paper* The latter type is 
periodically checked by chemical treatment with potassium ferrocyanide. 

eJt^t oBwnewj^ ^ew^^w^ ^pUp^X^wft«^vi^£^P^C& ^Pe^l^^|T^»Fc^p^l^t ^st^RWsCXt^e^LsCLTlsOlswBcB ^pejflwi vw^twBtip^ev^etDmltt^wl^w^ ^tJ^^^^^^J 4)eL^^CjslmL^»t^BBwtjLs^JXl 
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\$ setting up a moving tape impregnated with potassium ferrocjanide. 

^p^ ^pe^J^e^^ei^^^J^J^Le^L ^s^^^^le^l^^^S^t ((Csl ^ev^o^ ^Ds^^^B^^e^^s^^kcwBBB^Pt' ^H^T Y^bc^^S eSt^s^^s^^sP^lew^^s^ *9 e^^Q^^^Kj^^wV p^eV^ew^^^ ^J*^e^ 

light transmission* The infra-red absorption j*t«r ia a portable leak 
dat actor of apaoial design used for checking coolant line a. ooolant 
tsnlcs. and procaee ooolorc« Air samples from the vicinity of suspected 
coolant leaks are pumped through a test chamber, through which two infra- 
red beam are passed* One of theae beans ia also passed through a 
lithiusi fluoride filter which absorbs all infra-red radiation • The 
intensity of this beam* will therefore be independent of the coolant 
concentration in the chamberj that of the other will vaiy with this 
concentration • The two beams are focused, respectively, on each of a 
pair of resistance thermometers connected into a ifoeatatonc bridge cir- 
cuit • A difference in temperature between the two thermometers results 
from the difference in intensity of impingant radiation, and causes a 

•we^^Jw^Lw^^JJ^e^fcl^e^pL^J ^le^La^f ^C^U^^B e^^^J ^Lj^e^ ^p^^L^e^^S^^Je^jsv^pV^pL^ta e^^^^vS^sv^ft^e^^a^^^^lf^m^ ^ ^^im^^B ^A^H^ ^P^^s^jft^F J^^^^S^pH^^slwjO^ 
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was designed to monitor the plant eupplles of dry air and nitrogen, and 



to warn of excessive amounts of water vapor in the gas. Intensity of a 
reflect ad beam of light from a cold mirror ie dimmed by condensation of 
moisture on the surface* Measurement of the mirror temperature required 
to prevent dimming of the reflected raj provides indication of the dew 
point of the sample gas* The differential pressure indicator was 
specially developed to measure the extremely small flow of sealant nitro- 
gen gas to the process pump seals* It determines the gas flow by elec- 
trically measuring the differential gae pressure across an orifice of 
known dimensions. Tariation of the differential pressures is converted, 
by means of a bellows arrangement > to a movement of the iron core of en 
electromagnet, thereby inducing voltage changes which are a function of 
the differential pressure, and thus of the gas flow, to be determined. 

Pilot Plant Development* - r 

DELETED ' 
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A number of pilot plante were sub- 
* iequSntly constructed at Columbia University for farther study of the 
process. Pilot Plant No. 1, initially operated in October 1942, was 
arranged as a twelve-stage total reflux cascade. It was run for over 
3200 hours, yielded data pertaining to oasoade behavior with A, DA, and 
WB barriers, and provided operating experience with various types of 
process equipment and instruments. 

On 10 Vzf 1944* Pilot Plant No. 2 was placed in operation, 
consisting of a six-stage total reflux cascade using reciprocating pumps. 
It afforded the first opportunity to study the behavior of control in- 
strumsnts and tubular and flat plate designs of A, DA; and RB barriers 



under conditions approaching thoes anticipated in a full aoala production 



plant 



Pilot Plant No* 3 vaa aracted and oparatad by SAM peraonnel| 



Kellcx furniahad deaign, procurement, and eupervieory services. An eight- 



stage caaoada wee aat up, uaing Weetinghouae gaa baaring blowers and dumqy 
diffusera. Operation on vaa bagun on 15 June 1944* The installation 

vaa found to ba hjdrodynamioally atabla and a object to aatia factor/ procaaa 
control, and vaouum-tecting and welding techniques vara developed* Studiee 
of procaaa gaa oonaumption and blower performance wara than made, uaing 

. , _ r~ 



sdstures of nltrogan and UT^ 
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In ordar to obtain performance data for ainglc-stage blowar 
operation, a Naatinghouaa gaa baaring blowar vaa uaad at tha SAM Labora- 
tories in tha sumer of 1944 to circulate procaaa gu through a aat of 
45 tubular diffua era. Tha experimentc provided significant data pertain- 
ing to blover behavior , oorroeion, and barrier plugging* 

8#* Chemistry and Phyaioa of the Diffua Ion Method. - From 1940 to 
1942 extensive efforts vera put forth at Iowa State College, the Univers- 
ity of Chicago, the laboratories of the Sthjrl Corporation, to prepare 
* 

an organic uranium compound suitable for use as a gaaeous diffusion 
working substance^, but no aat ia factory substitute for the corrosive 
uranium hexafluorido waa found* The corrosion and other chemical 
problems anticipated with the pse of UF^ led to the establishment of a 
chemical section at the SAM laboratories* Study of the physico-chemical 
properties of UF^ vas begun in 1940, involving method & of handling the 



gas, and new ways of preparing it for chemical analysis. Other chami- 
cals studied included niokel and nioksl carbonate, barrier materials , 
and uranium compounds othar than UF$. 

Tha mschanieal properties of barriers have been studied by 
means of bending, tensile strength, rolling, fatigue, and flutter teets 
^ involving thousands of routine examinations which were necessary in the 
course of the barrier development prograou The barrier chemistry re- 
search program inoluded the development of fluorloating, or conditioning, 
procedures, and study of methods of minimising process gas consumption ^ 



and barrier pigging. 

J DELETED 



J The techniques mure extended to include 



measurements of barrier porosity, and were also modified to apply to 
tubular samples* 

9* Safety and Security* - Features of the Columbia Area safety 
program included a safety department and a medio*! division set up by 
the SAU Laboratories, and a Safety Advisory Committee with responsi- 
bility for anticipating and coping with special safety problems ariaing 
The Columbia Area Engineer supervised contractor safety programs, and 
maintained liaie with the District Medical and Safety Section* . A 
Columbia Area Security program *as also instituted in accordance with 
standard Manhattan % District policies* 

10. Costs e - The total cost of the K-25 research program was 
$14 ,073 ,004 as of the end of the fiscal year 1946, at which time the 
estimated total for completion of contracte was $15,611,663. 
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11* Organisation and Personnel. - In anticipation of the awarding 
of contract W-7405-eng-50 to Columbia Univaraity, ISajor B. K. Rough , Jr. 
waa deeignated Columbia Araa Engineer in tha apring of 19 A3* He was 
succeeded in January 1944 by Captain L. L. Qrotjan. The war research 
activities in nuclear physics at Columbia University were organised tinder 
the name of SAM Laboratories • By February 1945, the work and equipment 
had been transferred to the Kallex Haah laboratories • On tha t date re ■ 
eponaibility was assusted by the Carbide and Carbon Chemicals Corporation. 
&UL activitiee were directed initially by Dr. H. C. Drey, and, after 

Direct or a, Dr. L. M. Carrie, and Dr. H. S. Taylor. Dr. J. R. Dunning 
directed reeearoh and developswxt in siechanical engineering problems, 
pilot plants, proeeee ope rati ana f and isotopic assay methods. J. K. 

had charge of process design, and planned experimental corrosion studies 
and studies of barriers, cold traps, ant other equipment. Other kqy re- 
aearoh nersonnel include Dr« R* M. Burns (Bell Teleohone Labor a to rie a » ) 
Drs. it. S. Taylor and G. 0. Joris (Princeton University), Drs. A. £• 
Dossier and D* *• Gens (Zntereh&jdoal Corporation), Dr. R. M. Badger 
(California Institute of Technology), and Dr. A. L. Henne (Ohio State 
University)* 



BOOK II - Gf&T.QVB DIFTOIWI (K*2G) HIIOJKCT 

volwe 2 - nnsF^ncn 

SECTION 1 - inTRODTJCTIOIJ 

Purpose* « K-»2G reoearoh and development activities Tiero 
di rooted tomird ttie solution of problems encountered in tho separation 
of UranluD»2S8 fron natural umnltm by tho method of gaseous diffusion* 
1-2* Scope, • This voluoe treats of fundamsntal or pure rosearoh 
and associated laboratory development of oaterlals* equipment, and 
prooesaes utilised by other branches of the K*26 Pro^oot in tlie deaifp, 
construction* and operation of tho diffusion plant* ttesoaroh inoi- 
dental to the porfaraanoe of these other functions* as differentiated 
from basic research* is dleeusood In Volune Z 9 The fundamental research 
activities oo&prisod tho choioo of a suitable feed saterlal* ttio 
develop en t of diffusion barriers and auxiliary equipment such as 
ptaapo* seals and control InstruDonto* and the adaptation of this equip- 
ment to use in tho presence of the prooess fas* It was nsoeaeary to 
oolvo very serious corrosion problem, and to develop a number of 
special chemicals* The ha sard of corrosion lay not only in tho obvious 
possibility of equipment deterioration* but in tho xnuoh core detrimental 
effect of product oonsunptlon* which ocours In evon nlld fores of 
corrosion that do not reaoh destructive intensity* Die research and 
development program for special ohenicals required by the K-25 Projoct 
lo described in Book VII* 

1-E* Authorisation* - Authorisation of research xjug toadied 



similarly to othor phaeoa of the K-25 Project aa mentioned in Voluno 
1 of this book* and described xaore fully in Volumo 1 of Book 1* 

Adnlnletratlon* • Research program wore ooatered In a 
meter of univorsity^ ond industrial laboratories, under oontmct to 
the Qcrroranont* In aooordanoo with established Manhattan District 
practice, oantrooto (App* D91) were administered by speoif led Area© 
of the District* Administration of the vti jority of the contracts 
dealing with fundazaental K*26 resoarch and dewlopnent (excluding 
work on special chemicals) w&a the responsibility of the Coluc&ia 
Area Engineer* with the reminder under the Jurisdiction of the Itow 
York Area Engineer (App* Bl)« A roeune of reeoaroh and development 
contracts la presented in Appendix A» 



SrCTIOIT 2 - COUTRilCTTAT, ARBAirffUnTOI 

2-1* Columbia TJnivoreity* 

a* Selection and Klsfrory of noftttiatton e* • Tho dif • 
fusion nethod «&$ seriously considered first by H« T* Booths A* Ton 
t*09Go, and J, Ii« Durmirtr: of Colunblt Univcraity In 1940* Since tliic 
x-poup already was directly concerned with the diffusion process, it 
wuo decided to expand its pro^ma under a series of Government contracts. 
G3RD Contract DCs r-106 ms negotiated srith the Trustees of the Uni- 
varsity to cover the period 1 July 1941 to SO June 1942, the work to 
be done under the direction of Dr# J# n# Dunning* Contract OTlHsr-412 
permitted an expended prorram under the direction of Dr« IU C« Uroy to 
be carried on at the University fron 1 December 1341 to SO April 1945* 
Effective 1 ?fey 1943, the diffusion studies at this institution wore 
embodied in l&ntettan District Contract TU7405-enc*50 t the work to be 
directed by Dr# Urcy# The laboratories at Colxsabia ocuno to be known 
as the *SAI* Laboratories" » This was a code rafre v&tming "special 
Alloysd i^tterials"* 

b m ficope of Contracts, • The above contracts provided 
that Colta&ia diversity furnish tho roe oar d: and development xrorL. 
necessary for tho desire construction, end operation of the diffusion 
(K-25) nl&nt, and continue experirtentatior; tc a point nrhere certain 
alternate lcotopo sena ration ncthodc could be evaluated* The Uni~ 
versity further require! to develop a; social processes, iiistruGuntG, 
and tutorial* # Bio Dietrict ^ ringer alec aeci'-ticd tc thic con-tract 
a number of miscellaneous special studies for v£jioh the University 
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1 Frtarouy 1046* th« baaio diffusion promts rooowoh progma mi trano* 

■ 

farrad from the Cotanbla Ttalwralty contrast W*7406««n g « B 0 to tha Carblda 



and Garten Chanioala Corporation oontraot w*7406*ong*Sto tatter Btpplouml 
Bo* 4+ 9m mm "BAM Iaboratoriaa" *aa ratalnad by this organisation* 
which oontinusd its work progran until 18 tturab 1916$ at ahioh tint ita 
faollitiaa t and Ita ranalnfn^ aork groupa enfpgsd In problaea of a eon* 
tlnulng natura, waro mtrmd to tha B-28 plant at Oak Sidga* taoaaaaaa* 
8-4* Ball talaphona Iaboratoriaa (ilaatarn Blootrlo Ccagaqy)« 



iW7406«ane»142 ma nagotiatad In August IMS to oonaolldata and axtand* 
uadar tfaa Ifcnhattaa District, in^Mti^tiona on parforaanoa taating, haat 
treating, and rolling of barriar nhioh vara baing conducted under 09RD« 



a# Selootlon and Hletpry of Bsaotletloflp» • Couti'aot 
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2-6* Princeton TtelyoraHy* 

a# S 0 !* 0 ^ 0 ** *ad History of ndfl>tlatlcns» ♦ This contrac- 
tor was so loo tod because of tho experience of Dr« n» 3« jfcylor # who 
directed the project work* and because of the existence of certain fa* 
oil! tint not Mailable at Colunbia University at the tins of the ne?t>~ 
tXatlotnu Technical aepeote of tho proposed oentraet were die ousted by 

i 

Dr# tttylor and Dr« % C« tfrey or 26 May 194S, and the oontroot (ff-7405-* 

cnr*08) m& negotiated on 3 Jtxxe 1948« 

bm Scope of Wbrifa • lbs Princeton contract required that 

jaethoda of p re tr e a ting nickel barriers* to induce corrosion resistance 

« 

to process be iirfes tinted* because* at the tins Princeton be ran 
Its work* available infomatim r*ef rdiri£ pre ^l yd roriemtion and pre- 
fluoridation decidedly Inadequate* ' 

DELETED 



2~6 m Oth?r Research Contracts* 

a* Intorohsaioal Corporati on* * Uader contract TW7407- 
onf-25* the Tnterotieodaal Corporation was enraged to develop nothods for 
the production of nickel penriers suitable for use in the ?!ix tyr>e po*M 
dercd nio!rel barrier* A pilot plant ms construot» J fc ,roduee powiere 
In twontjMPlvo pouifl batches for teatin and research :>urpo3es« The 
ultimate objective was to adapt and operate an existing Interchecdoal 
pif^ttit plant to produce feA Ave 'teas of niokol powder per nontli* 

DELETED 




b. Ohio State PnlTcraity, - The three principal problems 
assigned to Ohio State University under the Manhattan District oontraot 
(W-7495-«ng-95) ware: (1) Purification of n-perfluorohoptane (?ol. 3)# 
to be used aa a standard in establishing specifications for inertness of 
flaorocarbons to prooess gas; (2) Preparation of fluoroohloro compounds 
to eenre aa a starting Material for the preparation of polymeric 
materials inert to prooess gasj and (3) Investigation of possible 
preparation of organic liquids which would dissolve process gas and 
oould be oooled to form glasses, these glasses in turn to be used for 
obtaining the absorption epoetins of process gas, 

o. California Institute of Technoloj 
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5»1» Tllctoxy of Diffusion Thorny* 

&• Imort&noe of mSSS* «• Tsrisd lately after the diiooiery 
of nuclear f las Ion* In uraniua by the "fenxin investigators* 0* Kahn* and 
F« Strassmim (App # Dl) In !>ec*ribcr 1938* the effect ifes confirmed by 
other scientists voiidn? in various laboratories* Asiatic those to do 
so were J« R# Dunning end his collaborators (App« OS) la January 1939, 
at Coluabia University* Betwoen this tlas sad IJaroh 1940* they oorole ted 
several research studies which contributed to an taadore tending of the^ 
ooepleoe phsnoraana Involved In nuclear fission* On the latter date* 
they presented experiaontal evidence (App* D3) establishing a fact 
already predicted (App* D4) on theoretical grounds, n&zasly* that nuclear 
fission arises from the presence of the uranium Isoto e having an atorie 
vol *t of 235 und comonly oalled"ru23!T* In ttaslr experiaentc, per- 
foroed with the aid of A* 0* !<ier at the University of ifinneeota, they 
had sueeeedod In separating r&ntrte axaounts of TW536 from natumlly 
occurring uraniua* Since this isotope Is present only to the extent of 
0*71 per oent in natural uraniucs and its ooapouonds* they eonelu&ed that 
it wis Imortant to offset uroniura isotone s operation on a lar^or scale 
for the ittvofitlr&tlon of chain reaction* possibilities In uraniocu 
Further confirmation of their results wis shortly obtalnod fron expert* 
mnto porforaod at tlie university of f&nesota* Coltsabla University 
(App* D9), and the General Electric Cocnany at Schenectady (App* D6)« 

b* Isotope SeTaro^ion by Diffusion* • The Investifctorc at 
Colunbia proceeded to consider wiyc of sopar&tinr tfar nroniis: iootoneo 



in or£cr to obtain -2.'f5, and from tho oieeablf r.ucbcr of rcthocio 
prirrtously kno\*n or proposed* they selected tho t - r ixMous diffusion xnotbod# 
Althourh t'dc nrinoi r 'le wus discovered bv f» *ral«un in 1020. the K-25 
plant is its first comer cial application* This had boon one of the 
firct nothode atterpte<* for otiier elements by Acton with partial 
success in 1013 .for neon, and later by ^.rHnai Herts end others trith 
nore satisfactory results for ohlorinc, arrpn, hydro :;cn* nitro ;on* 
carbon f and other elensnte* It had b^en shonn that the nethod mc 
operable in these oases, end it vaa bellor d that it oould also be 
a -plied to uranitc connoundfe* I'owev&r* tho loc yield of product per 
unit of tiriOji and the lar;;e quantities roquirod for studying chain 
reactionr , mde it ii^crutive that tl>o theory of tho difi'usion xzet iod 
bo r o^axaaincd * This was done by r &rl Cohan and others at Coltrfbia, 
their results shotting how iJio curlier cxporinrmtal ~>roceduroa for 
other elencnts should bo modified tAwi applied to uranium In an 
Icnortant paper (App # Cohen derived ths fundanental tlioory for 

a /-\scou3 diffusion separation plant* This haa been uaod f essentially 
unchanged, in tho desi n of tho K-25 production plant a J j Clinton 
En-inoer Works, Oot- Rid,-c # Tonneaaeo* 

3*2* Theoretical j'rinotoloe Ihderlyin • Operation* 

a< Hvoothctical v xr>eriTOnt« - Tho nrinciplo o ^ nolucular 

ii i ii iii i lit ■ i 

effusion can bo visualized by Sat^inin^ a closed container, say t% 
rectangular bocc, containing a lar^o nunbor of very asall opsnin,ftu 
The boot is filled with a raa^ous eornound, end surrounded by an 
emcuatnd S'^acc. According to the Kinetic Thoory of faaes, the myriads 
of individual noloculoc aro in a sir-to of oeaoolcoc activity* Lach 



colecul? travelo at hir* B:»oed in a «>trai[£tt lino until it collides 
either with another solecule* or vrtUi a mil of the container* liiuao 
which happen to enter one of the a?ertur©e in tbc wall, i^ass throu >u 
and escape to the outer space* This a&ountc to a doorouec in the 
quantity of gas within the container and would bo evidenced by e drop 
in the pressure within the oontalner* If *c experinent is rcooetcd 
with a gue of greater density (higher aoleculer wei ht) f tha rc3ult 
Will bo the eaxae, except that the rate of effusion will be oluwer* 
Measurement in each of the too oases would show that the rates are. 
inversely proportional to the square roots of the nolecular wei htt 
of the tra> conpounde* The two tc^ts na3t he run at identical teener* 
atures* Under such a condition the /.luetic Theory stetce that the 

n 

J* 

average kinetio energy of individual taalceuloc a*** equal in each 



oas*« Since kinetio oner^y is equal to ore half the product oT mss 
tli&s square of velooity* the follacriar equation c3tn be writter.t 



Wierc v represents averc^e noloculer velocity, and n represents 
molecular mas* Hie ratio of noleeufrr voloritieo is tho ea n ae the 
re.tlo of effusion nates, end tho ratio of xmlooular c&aeoe ie tho 



r^tio of tioleeular wei»*ts# Thia constitutes, therefore, a mthorotloal 
for ulatiori of tho experiswi tally observed phenooonaa* A third ez^>ori* 



neat ray norr bo visualised is which a xrdxturo of tro pinou of differing 
density arc used* Tho respective rctoc of encase rill logically be 



therefore i 



▼2 




In proportion fir3t to the respcetive concentre, tions * and eeoond to 
the rcapootiw a vera, e nolooular velocities, hence Inversely to th? 
square roots of the molecular w©irhts« 

r 

b« Continuous Operation* - As tlic process of effusion 
takes place* two changes oocur« First the esoapitK into the 
evucua tad spao4 builds up a back pressure* vh!c!> tends to drive Bale* 
eulos book tfar^u h tla per fort ted mile into tho contain* r« Sinoe the 
gas which has passed through the container well (diffusate) is richer 
in lifter eoqponsnt than tho star tin ~ nixturo within tf*e container* 
tho effect is doubly disadvantageous because a greater proportion of 
beob-diffusln- ;ias trill consist of the decirod lirfet ocmcnont than 
would be tho cose if this ;ac contained only the ocnoontration of 
lir^ht component vhleh existed in the star tin 3 mixture* Thin ic in 
accord with the reasoning applied *bove where respective effusion • 
rat^s were visualised in propertied to respective concentrations* 
Hie second chan: o taking place as tho process goes on U a drop in 
tho qtetntity of r£s* end hence of t r&oauro* within the container* 
This is undeolrublo booauoo it is tills so-cellod "fore pressure 11 
tdiieh privates tho basic process* fore In r reloculos to flow through 
the perforated walls to *the outor epae^* This off cot ic also doubly 
disadvnnta -CCTJL3 bcoauso > aa tint) proc*>edB* tlv? concentration of 
lighter component decreases within tho container, and* in proportion* 
ita concentration in tho dL*f usato pastiinr through tin tx.11 is decreased 
These disadvantages/ nay te obviated by resortin to continuous 
operation. A tJ steady eta to" is* set up by su plyinp rcxr rxxo to tho 
container* by withdrawing undiffueod, *part5.ally depleted* 8 £ug fron 



tfie container* and by renoving "onriatod" iyxn fron the dorms tr^n sido 
of t'iC porforatod rail* all at constant rutos* In this v/uy cliwirea 
in pressure and concentration aro fclirdnatod* flow rates are ad jus tod 
in order to koep desired factors* euoh concentration of 11 
coE^onent end total proaouro trithln Uio container* as hi h as feasible* 
Similarly be ok pressure i« zaiairdfod* 

C* Practical Application* * The hoart of the K-23 plant 
is the diffusion cascade* which is essentially a rop eating series of 
•quipaoat duplicating continuously* twnty^four houre a day* the 
simplified rrooodure discussed above* The •container* ia called a 
diffusor or converter* 2he "perforated will" ia referred to as 
barrier* A oortrol valvo and pee ^urjpe ero provided to rerrulatc flow 
and pressure of the &ut$ and a cooler nr<rront3 tho heat of puft;>inf. 
from raiflinr the tecporeturc of the operation* Those are the* decants 
of a nrecticftl *ctere% 2302 diffusion ata^s are nrovidod ixi the 
rrmin cascade at K-25* The r*27 facility provides an additional 640* 
An ixapcrtant oonoideration ia the alee of the aperturee In f&e barrier* 
It is apparent tfcat ordinary "holes" nill permit ordinary ones flow 
of mixed tL& through the nsribrane* without the desired separative 
effect* It le necessary to Iccop tho diameter trail below tho len -th 
of tho °nean frt-o patf'* of proooss -an rnl^culee* TJiic ic tho avorc;e 
distance travelled by an Individ ml noleoule boteoon two successive 
collisions with nolfi>iborinn nolcculeo* A very efficient barrier 

would have an aperture diaartor of 0« 00 00004 inch* 

t 
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d* factors Tondln- to Iteduoo the Ffflclcnoy of Separation! 

(1) Baclr Diffusion* - As disousood above, tike back 
pressure or: the downs trean side of tho barrier must bo held at a low 
"value in order to r iuiniise diffusion of diffusate back through the 

■ 

oenfcmnc to the upstrean eido* resultinr in separation in the wroap; 
direction* 

(2) "Jostlinc"* - IJany collisions occur between 
liffct cuad heavy aoleouloa while they are passing through tho barrier 
epeainr** On tho seals of nolecular nafyiltudoc, those opening should 
be viewt^d as lonp tortuous passafoways throu^i tho thick wall of the 
barrier* Sine* lifht taolooulee flow faster than bear/ nolecules* 
collisions in which a Ur>t coleoulc hits a heavy ono free behind aro 

* 

( ) core frequont than those in whioh a heavy nolooule hits a light nolo* 

cule fro-? behind* As a result* heavy molecules (U 258 ^) are* on the 
avorafjo # speeded tr? by collisions with ll^ht toolooulos (U 2 '^Fg) f and 
z sicdl&rly the lifht xaolecules are retarded* The effoct of this 



n ^oa tlinp" is to reduce the f low of desired coupon ont, and inereoee 
the flow of undeoirod eaoponetnt through the barrier apertures* Ike 

■ 

separation is correspondingly reduced* do inefficiency is less 
prcnounood with scalier ratio of hole site to ooan free path of the 
ooleculcs* Tho separation fuotor will therefore inrroro at lower 
operating pressures* since under tJiie condition the ooan free path is 
greater* This Jostling effeot.ie oppoood by tho baolr difrucion 
effect* which roduooo tho preponderance of collisions of 11 iit nole* 
eules against heavy noloculeo flron behind over the reverse type of 

■ 

collision* 

J Viooouo Floi7# Sono nor^BonarcLtin^ "viocoue' 1 

i 




flow occurs with any ^raetiaal hole else, 

(4) Surface Flow* • A surface f low somotiaoG occurc 
a Ion r the f lln of ;aa molecules which are adsorbed or. the Mails of the 
holes* Viscous flow and surface flow arc minor effects* 

(5) l!lxln^ Inefficiency* • As in nost easos of 
fluid flow, a st&cnant f iln tends to forn in contact with the hi fix 
pressure side of the barrier* This bcoonos depleted of U^ 30 Fg* Ad* 
dition&l Pg oust diffuse through this filn before passing through 
the barrier* The result is a retarding of the separative action* The 
effect is minimised by usinc highn" velocities so that the resulting 
turbulence will reduce the thickness of the atagcant fil»* 

(6) Pinholes and Leaks* - 'inholos in thu barrier 
and leaks in the co n ve r t er assembly result in xK>a«cepar&tlv9 flow from 
the hlf^i pressure to the low pressure cone* Taeh converter in the 
K-25 plant has been tested to keep this leak flow below 2 per cent of 
the total flow in the "A" stream* 

(7) Variation in Penaoabillty* - Variation in 
peraoabillty fron point to point in the barrier causes inefficiency 
because of inequality of separation* The tern peroeability refers to 

■ 

■ 

the ease with which the fps eon penetrate the barrier under given , 
conditions of fore pressure and back pressure* The Kollex Corporation 
evaluated this inefficiency theoretically in July 1044 in tens of the 
oa^nitude of the variations* The theory was used to sot specifications 
for tolerable decree of variability in barrier pcrraeability* For aoro 
complete discussion of molecular effusion and design principles, 
reference should bo rude to the I'ollox Comlctlon Report* Section 



Ill, (1). 

3-3» '*'ork on Froccss Pcvcloijcicnt * - Prior to the granting of 
OGFd) contracts at Colombia, and daring the earlier period of these 
contracts, experimental work continued, in addition to further theo- 
retical studies. The experimental progress is described in later 
sections of this volume. It may be stated briefly that menhanical 
devices and material were in the very early stages of development, 
with matqr of the details under investigation. Theoretical consider- 
at Ions had reached a stage where design, construction, and operation 
of a plant could be fully envisaged. This state of affairs led to the 
conclusion that the process appeared to be very promising and capable 

m 

of being operated successfully, and that further research and develop- 
ment should be pursued vigorously. 

* 

a. Sxpanded Soaearch Program. - The incentive for thie 
oontinued development came in December 1942, whan the ttar Department, 
represented by the Manhattan District, requested The U. ft. Kellogg 
Company 4 which was working under OSftP contract OEKer-406, to continue 

* 

lie research work and to undertake the Immediate design of a diffusion 

■ 

tratlon of 90 per cent. A subsidiary fira, the Kellex Corporation, was 

■ 

created to undertake this work (App. D8). Jfandamental research was 

■ 

to be done at Columbia University (App. D9) under the direction of 
Dr. I. C. Urey (App. D93) «lth somo study of special problems at other 
plaoes such as Bell Telephone Laboratories (App. D10), I rinceton Univer- 
sity (App. DU), and ths Jersey City Laboratories of The K. W. Kellogg 
Company. At thie time, the gas diffusion work at Columbia was being 



carried an itnder 03Rr* oontr-ct ^E**«r»4l?., but negotiations for trtciofor 
of tho work to Oio Ifenhattan rietriot were in nrorreoo# /m tttbulutod 
by rellw, it wac rcoo -nif od that the Fro^eot involved i 

1. The deeira of e plant utilising a nrooees never boforo 
attested on other than a laboratory aoalo and for 
which even laboratory data **.c incorr lote» 
2 # Tho enr^neorlnp of an opera lo diffusion cascade 

eocnrieinr several thousand ata -ob # under condition* 
which mdo it apparent that innortant dec la lone would 

havs to be nade before adequate process data would be 

i * 

> 

available* 

5# Tho oonatruotion of a plant of unusual else and com- 
plexity oontalnlnr 3ar t e quantities of special equip* 
sent the resulting inetallation having to be for all 
intent© and purpoace vecmaa tirht and eur^loully clean* 

4* The desifT 1 ^ enr;inoorinf* and cons traction of extensive 
auxiliary facilities and utilities* 

5« Tho devolopaont and fabrication of eeveral millions of 
square feet of barrier • a totally novel and highly 
special mtorlal* 

G« The development and fabrication of air or aevt/n thousand 
special pia& a of various sisee and characteristics* 

7m The devclopnent and fabrication of six or floven thousand 
highly special nisa soalirr devioo&* 

6* The development, fabrication and aesenbly of oevercl 
thousand converter unite of several eisce* 



9* TJic dawlo-nent oir J fabrication of lave cma titles 

of* special vulvoa* pipe and other process -e quir.ront* 
10* !Tho dovolopnmt and ranufucturo of tcna of thousands ^ 

of o;ecial neterinp and controlling inatrur* ntc* 
11* The dovolopirjont of e oot^rcbenolve vacuun tcchnolory 

tni of asocial leiifc t^ntin devices* 
12 • The dovtilo^naut and production of slaocble quantities 

of a nuabcr of apnolal oheraJoala of hirji purity* 
If* The solution of unprecodontod oorroalon problem* 
14* The proourenent of a lar^o block of variable frequency 

newer of ultra-doper^abilitv* 
3-4* Doolm of Lar?-c Soalc Mart* - /#tili*inr the thoory 
dovslo ed by Cohen* and as a roeult o r further studies b its acn 



•n-lnoera* i^Jnc- r ^llnx corporation* nortrin- umier CSRtt contract* retfo a 
report of pro /rean ir. L'arch 1943 (A.^'j Ml2^* Thi© "First ? roj-rccc 
Report* ou tho diffusion plant wlu baeod on the oonocptfl of atero and 
cascade operat'on aa discuss**? in "awrra^h 2«»? of Vblunc 1* Cosnro- 
henslvo proeoos tczim wac included for a lar^o scale d iff us local 

ft 

separation plant to produoo one kilo rata of "-235 per day t 90 nor cent 
, fron P1O0 pounds per day of food eontaSnin 0*71 per cent U 2:5G fg 



Desi-n of auxiliary cquipnant wuo also presented in eoasidcruhlc detail 





*EK t c i laa t ^rg<^^g^tttd * W In the oorly part of 
1042j a £rotr* of i'jifrlifih ccienticts, including cssrn, V/* A* Aloerc and 
F* Sinon* via i ted this country and explained their achcaar? of plant do- 
flirja* Ti>o Aoorlo^n ol£. :t t as developed by 1**e Kollox engineers ffror, 

the tViior;/ of Col^ii o> i/S.crc^ ..us planned to oporuto at rolul^vv/l^ 



hifh ~cs pressure, and honoo under conditional of turbulent nSxir. 1 * 
Jt wio also dosi-ned for rintam barrier ar^c holdup and equilibrium 
tinc # Hio holdup is the arcint of diffusing mtorial which it takes 
tso Till in the ftlont* or tJiat rcmins in the plant and cannot bo rlth«* 
dram as product* 3io equilibrium tine is that period durin-' vhich 
the r>lant nuct opemtc at total recirculation bofore a product of the 
roquieito purity my bo obtained* If the holdup io decreased, the 
equilibrium tteo also decreases* The **i~lish plant, howsvor, mus 
devised to operate vrith diffusive nixin^ and thus vrit! lowrr ac nroa- 
euros Htm the American plant* *?hile there are advunta; es to both 
schet*?*, tho Anerioun en inccrs ro^ected the Pritlch design pris&rily 
booauec of the lar -o c&s voluws required in the latter* ;>ovoral. 
other alternative British do aims were considered \ut they too wore 
rebooted because of the larri? puaning loads and comlioatod equi^ncnt 
required* These are described in detail in th'j British publications 
(App* DlS) # On a later visit by ,'esars* P« Sinoti^Ji. P#ierlo t and 

r 

other raotnbers of a British rroup # alternative plant desi tic wore a r.in 
disausaod, and sinilar conclusions wore reached by the American in* 
veati^tors (App« Further discussion of British assistance in 

connection with deal n -roblers io oreoented in Yoltrse Z 0 Section 15. 

S-C* later Work on riant Theory # - Tho theoretical proup at 
tho C>L: La^ratarieo continued its study of tho larrn ccalo ^laat, at- 
tention be inn centered : ostly on problems of control and stability of 
operation* The results have been presented in several reports (App# Dl 
These wrkors also investigated the behavior and operation of the ZA 
Gta-c Hot ;>lant (a portion of the rain production ulant) erected 





at rilnton Kn inrw Vorkn, OcJ: Tilr'-e, Tbrji soo<? # and dovlacd e prorrun 
Of experiirionts olaririod tc tec* tliC or^mtir^ theory (A?p* DlO)« 



4-l« Early Studios » • In the letter pert of 1941 the search ran 
be run for a barrier weterlal of the required porous structure and with 
eui table resistance to corrosion by uranium hexafluoridr. TThen the 
first erode barrier* were tested with TJFg In 194?* the separating ef- 
ficiency observed left auoh to be desired. Since very little work had 
been done on rmseous diffusion Hieory prior to Hie Project^ Hie 
phenomena involved were not well understood* It was not known whethor 
the inefficiency of Hie early separations obtained was due primarily to 
fundaaental characteristics of Hie molecular effusion pro cess t or to 
iaperfeot design and construction of the barriers employed* To avoid 
the difficulties and Inconvenience of handling UF^ f it was decided to 
carry on routine barrier testlnrr with a workinn substance consistinr of 
a adxture of helium and carbon dloatlde* It then beoaae necessary to 
determine the relationship between Hie experimental results obtained 
with a particular barrier when separating helium fro© carton dioxide* 
and the eeparative efficiency which would have been obtained with Hie 
sane barrier under the saw conditions, but uslnr the K-25 working 
subatunoe, i*e^a mixture of D-236 hexaf luoride and hex&f luoride« 

Disoouranin^ly slow progress was made in working out such a Method of 
correlation* as well as in the devolopswnt of a basic understanding of 
phenomena involved* In Hie fall of 1942* whan tho first plant desi t ~n 
calculations were wade, barrier developnent had been in progress at 
Columbia University for over a year under QSHD oontr&ottu It was clear 
Hint considerable improvement in barrier properties was to bo expected* 





trot, in ordor to prooood with plant doalgn, it was nooosaary to fix, at 
that tine, oortaln apoolfioationa (App« D94) for tho barrior* Subaoquont 
dovolopnont vat than dirootod toward mooting or oxoooding thoao apoolfi- 
oationa* 

4-1. Barrior Proportioo* 



proporty of tho barrior , ai far aa plant dooign la oonoornod, ia tho 
••para tint o Mtii** !' « the effeotiTeneu of "f litre ties* of U 888 F e 
aoloouloo from proooaa notorial* Tho "aoparation faotor* io dofinod aa 
tho ratio of tho relative oonoontration of doairod component aftor 
prooeaaing to lta rolatiro oonoontration boforo prooeaaing* By relative 
oonoontration is moant tho nol&'ra'tio of U 888 F 6 to U 888 prosont in 
tho proooaa atream* Tho * ainglo atage aoparation faotor* would bo baaed 

* 

en tho ratio of tho oonoontration of tho A stroon leaving a converter to 
tho oonoontration in tho material atroaja anpplied to tho eonverter* Tho 
'overall plant aoparation faotor* would bo baaod on tho ratio of oonoen* 
tration of tho prodnot notorial to tho oonoontration of food notorial 
anppliod to tho plant* It f ollowa from Orahan^a lei^ that tho idoal 
aoparation faotor <\ for a ainglo gaaeoue diffusion atage ia tho aqnaro 



root of tho ratio of tho nolooular weight of tr*B8 ^ ^ moleoulair * 
volght of U 1 * 6 F-i 



In praetiee, with othor varlablea auoh aa operating proaauro and tamper* 



a* Proooaa Proportioo* 



(1) Soparatlng Bfflolonoy* - Tho moot important 




1.0048 



aturo fixed, the actual ainglo otago aoparation faotor io a function of 



barrier structure, increasing with the fineness and uniformity of the 
apertures* If the separation factor realised with the actual barrier 
is lower than that chosen for plant design, either the desired product 
concentration cannot be reaohed, or a lower output will hare to be 
accepted* To produce one ki lop ran per day of uranium at a eomeen* 
tration of 90 per cent of the light isotope, as originally planned, the 
separation factor would have to equal or exceed that specified* In 
June 1944 a minimum separation factor of 2.8 was specified when testing 
with a mixture of helium and carbon dioxide, at a fore pressure of 80 
centimeters and a book pressure of 4 centimeters of meroury. It was 
not until June 1944, by which time the erection of process buildings 
at the It -26 plant cite was half completed, and the installation of 
equipment well under way, that a satisfactory theory of effueional sepa- 
ration wae evolved, together with a satisfactory wethod of conversion 
from helium-carbon dioxide to UFg separation factors* This data com 
as a result of intensified and o cabined efforts of the SAW, British, end 
gel lex groups, as well as the California Institute of Technology* 

(2) Porosity* • The next most important property of 
the barrier ie its porosity* Of all the gas noleoules striking the 
surface of a barrier at a given instant, only a small portion passes 
through to the ether side. The fraetlon of total impinging molecules 
which succeeds in penetrating the barrier wall will depend upon a 
number of variables including the fore pressure, baek pressure, nature 
of the process gas, and structure of the barrier* It is important to 
establish a porosity oonoept which will have a definite mathematical 
value, which will be convenient to measure, and whioh will be readily 



reproducible under tpeoified test condition** Such a concept is neces- 
sary in order that numerical oo©parisJ:ans may be made between various 
types of barrier under consideration, and so that the flow rates and 
pressure drops to be expected in a plant designed to use a particular 
type will be subject to numerical prediction* In the early stages of 
barrier development, it was customary to rate the flow characteristics 
of experimental barriers in terms of the * specific flow 91 , which was 
calculated by dividing the observed flow rate per unit area by the 
pressure differential causing it* A given barrier specimen would show 
widely different specific flows when tested with different gases* 
Further, the epeeifio flow had to be expressed in a complicated unit 
such as cubic centimeters per second per square centimeter per centi- 
meter of mercury* To correlate data obtained ia different laboratories, 
it was necessary to convert all values reported to the same system of 

units* A more convenient concept was later established by incorporating 

■ 

into the speoif io flow a factor containing the molecular weight and 
absolute temperature. The new quantity was termed "permeability*, and 
can be thought of as the ratio of actual flow to the flow which would 
oocur by molecular effusion if the barrier were mot present* It ie a 
dimensionless quantity i the numerical value is independent of the unite 
employed for flow and pressure so long as the system is consistent* A 
further advantage in the use of the permeability oonoept instead of the 
epeeifio flow ie the ft»ot that its numerical value ie muoh less dependent 
upon the nature of the process gas used* particularly at low pressures* 
Finally, the permeability as above defined has a theoretical basis in 
simple molecular effusion theory* For these reasons, the permeability. 



designated by )f $ was generally adopted throughout the Project for 
correlating barrier porosities. Further etudiee shewed that the perme- 
ability of barrier la made up of two parte • One part (&) ie nearly 
independent of the gae used, and the teet conditions of preeaure and 
temperature. The aeeond part la definitely a function of theae variablea* 
Thus, it was found that when observed permeability was plotted against 
"pressure sua" (fere preaeure plue back pressure), a nearly* straight 
line waa obtained ahioh eould be repreeonted by the equation t 

in whlehi X" • penaeabllity 

Pi a fore preaeure 
Po s haok preeaure 

f 0 m extrapolated value of permeability at aero 

preaeure eum 
S s the "elope faetor* 

The porosity properties of a barrier oan be apeolfied by giving values 

for & and S. 
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Barrior Typo jf 7i , 8 

N 

2* DELETED 

Permeability is dependent upon tho operating pressure, lnoreaeing in 
magnitude as tho difforonoo between fore prooauro and book prossuro ia 
^iriore**ed # Permeability ia alao a function of barrior etruoture, in* 
ore^eing both with tho nwbor and aiao of tho holes. A barrior of a 

■ 

oortain permeability with a largo number of fino aporturos will ahow a 
greater soparatlon faotor than ono with a anal lor number of larger 
holes* It la noooaaary to specify both uppor and lowor limits for 



pormoability * ainoo if tho permeability riaoa abore tho upper limit, 
or falls bo low tho lowor limit ohoson for plant doeign, proooos pump 
offioianoy dooroaeee* Proooaa pump a booono unatablo if thoir intako 
fallo bo low a apooifiod limit, atod as poraoability inoreaaee, either 
tho horsepower of tho proooaa ptnf>a muet inoreaee, or tho total prossuro 
of tho plant wist dooroaee* 

b# Chomloal Properties* 

(1) Plugging Characteristics » - Tho barrior must bo 

<k ■ 

o 

chemically inort to uranium hexafluorido, a Tory agrossiTo substance* 

t 

Roaotion of tho bailor material with proooaa gaa oan load to serioue 
reduction' in pornoability by growth of roe ot ion produots within tho 
pores* Moroorer, corrosion at othor points in tho proooaa system oan 



form aolid product a ahioh may lod-o in tho aporturos and produoo the 
same result* Since six months wss oonsidorsd to be tho minimum allow- 
able life ftron tho point of Tiow of replaoenent and plant nmlntenonoe, 
a tolerable plugging rkte for barrior waft sot at 0#16 pef cent per dav* 



(I) Process Gas Consumption* - A second aspeot of 
oorrosirc ao t ion is its inherent consumption of valuable prooess naterial 
This would be particularly undesirable in tha higher sections of t:ic 
plant 4 and constitutes a second reason for developing a barriar which if 



ehenioally inart to W 0 « 
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It ia diffiault to aalaulata tha stresses enootmtered and aat 



up within tha notarial during operatise, but drrelopnent atudiaa hare 
shown that tha embstaaoe will ba •uffieiantljr rugged if it aan ba 
designed and fabriaatad in eueh a way as ta withstand tha rathar severe 
stresses lapoced daring naaufaeturo and installation* Tha araa of 



barriar required far tha plant waa estimated ta ba five million aqnara 
feet* It waa thue apparant that tha fabrication of barriar aallad for 

V 

a naterial whiah would ba both available in auitablo amounts, and 



amenable to aa simple a manufaeturing praoadora as posslbla whiah would 

i 

result in uniform quality* 
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4~S» Barriar Si so and Shape, - Tha idaal plant as demanded by 



thaory cannot ba real! sad in praotioa* In auah a plant, for example, 
diff users, ptnq>a, and athar equipment should thoorotioally deercase in 
sisa continuously from the food point to tha ands of the cascade 

■ 

Praotiosl plant design 'requirements oallad for a snail number of equip- 



■ant sisos, and lowest possible plant oost with rospoot to this factor 
and othor variables* Tho distribution of barrior ourfaoo throughout 



tho plant is described in Toluse 8. 



.9 



Oct? 



J la ordor to control tho quality 



of product as far as leakage of barrior taboo io ecneerned, a 'leak 
flow toot" baa boon devised in which representative tubes selected at 



randoa aro placed in a opooial tost aaohine and subjected to internal 
air pressure* Tho prosaaro ia adjueted till tho rata of flow of air 
diffusing through tho barrior is 100 cubic eeatiaeters por minute # and 
tho upstreo* prooouro ia aeaeured* 
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larrior typos, 
a* First Typoi 



4 

work at Columbia (prior to INS) many proposals for barriors woro in- 
vcstigated and abandoned far various reasons* 
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Whan o on tract W-740$-eng~80 beoane 



effective, a division of tha SiK Laboratorios was ostablishod for tho 
spooiflo purposo of studying now barriors* During this period, aany 
attraotiTO products w*re developed, sons to a groator oztont th*n othars 



It aooa baoana apparent that thara vara many prc«iaing barriara vhiah 
daaarrad exploitation, but ehortagae of aanpoaer, diffioultiae in pro* 
oureaent of naterials, tha aaeeaaity for rapid development, and aimilar 
faotora dotonlned tha partiaular typae to ha aalaotod for forthar •tody* 



DELETED 



J*** propertioe of ecao of tha harriara 



ra Tory proaiaing # hut aoat vara ovontnally diaaardad for raaaoae to 
ho oltod* 

i ^ ■ ■ 

b # friaoipal Typaa Conaiderad+ • la tha original plant 

■ * 

deaign roport (*PR£ Dl£) # thrao principal typoa of harriora vara under 



aonaidaration (App# D17)« 



f 



r ,*mm 
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Mora extant ire diaoueeion of harriar 



development ia given in tha Kellax Completion Roport, Section III, (?)•' 
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AmlopMxtt of proda«tio» Mthodt mlc also dte# by Sam 



(I) ?owd«r llet»l Barriers • 
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j This work was started undar 



OSHD oontraot GBKsr-1125 (App. D19), and •antlnuad tinder oontraot W-7406- 

M i *-— — 

•ng-142 (App. TitO), * 



.J 
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(») 



. Staples exonlatd by KiUm personnel toward the end of 
that year ■ bowed pood proeeee proportion aad fair Beohaaloal strength* 
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The rellcx Corporation cooperated and supplied iw of tjie technical 
personnel for this installation* Kellex also undertook a survey of 

* 

Industry to find a company to hand la tha ultima to Manufacture of thla 

* 

barrier. On 1 April 1948 the Houdeille-Hershey Corporation was ep- 



V 



Army 
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i It was decided to build a new plant adjacent to the 
Eoudaille-Hershey Oakes Products Plant in Feoatur, Illinois. A research 
laboratory was also organised In part of the Oakes building to supple- 



4.12 



eient the Columbia program. 
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j A number of oomtraots were awarded to outside 



agencies for stud/ of some of the more oritieal Items* 
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) This, in turn, was 



•uporaedod by tho DA barritr (ror»«rly otllod K-l) vhloh wma Actually 
uaod In tha 1-26 production plant* \ 



Mm 
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Thaaa earlier axparinwnta wr* a*4a in oollabaratioa with 



the C. 0. iff Manufacturing Coupany uadar aubaantraat §11.146 ta 
eoatraet OBIar-412 (App« A)* 
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q. A Barrier 



4.K 



we 
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(2) iroduotloru - Laboratory production of this 
barrier In sises up to 8 by 14 inches, and in amounts up to fifty square 
feet per week, was obtained in the Fupin Laboratory of Columbia University 



during the latter part of 1942 and the early pert of 1943* In January 
1843, etepe leading to the continuous production of this Material vera 
taken by planning for pilot plant production in the Sohermerhorn 
Laboratory at Columbia UniYersity* The design and oonetruetioc of the 
necessary mehlnes was undertaken by the Nov Jersey lfaohine Company 
(App* D21), with the oooperation of engineers trm the fell ex Corpo- 
ration* Construction of the naehines began in February 1948, and *by 
1 May 1948, installation and erection of the pilot plant was veil under 
way* Initial operation of the nao hints was started in Jtxly 1948, and 
the plant eventually operated on a twenty-four hour basis* 

DELETED 



At the 



termination of o on tract OKKtr-412 (30 April 1945), it 
appeared likely that this barrier oould ba produced in 

i 

suitable quantity and acceptable quality* Simultaneously 



with the oenetruotlon of the Soharmerhorn Pilot Plant, 
beoause of the urgency of the Project, design and oon- 
• true t Ion of vaohlnes for largo aoalo production m c 
oarriod forward at tho Garfield DiTleien, Heudaille~ 
Hershey Corporation, Decatur, Illinois (App* D22)* Cleos 
oeoperatlott between the group* at Deeatur and the Columbia 
InYesti gators was maintained during this period* 
(*) Meehanleal Properties* • There was a steady 



Improvement In the properties of the A barrier, eepeolally during the 
latter part of 1949* Howerer, Its Mohanloal properties were dlffienlt 



to control , and oonsidorabls researoh on these problem* was nndertak 
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report on tho A parr i or by Id ward Vaok, Jr. (App. 023) proridoi eoaploto 
dotal 1 i of tho produot ao finally obtaiaod* 
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j The latter is do* or 1 bed In sueeeedlng paragraphs* 

— - - — »> 

(4) Abandonment of A Barrier* - At a meeting held at 
Dooatur, Illinois, on 16 January 1944, attend od by representatives of the 
Manhattan Distrlot, the Houdallle-Herohey Corporation, the Kail ex Corpo- 
ration, the Carbide aAd Carbon Chemioals Corporation, and the SAL* 



Z 1*7 



laboratories of Colunbla Itai rare ity# plans were nede for the lined late 
conversion of the Houflalllo«Qershey plant from the production of A 
barrier to Ml barrlor (App 9 D24* Bl)# 
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Mush of the A prooedur* and equipment at Dooatur eas dlreetly 



applloable to the new barrier | heaee prerioue experience and researoh 
oould be utilised* On the basil of these eons iterations, nejor esphasls 
at tho Sail laboratories ma lsnedlately shift** to DA barrier, and 
researoh on A barrlor «u oonpletely dlsoeatlnusd within a few moths* 
It aas also dooldod at this nostlng to assign orsrall responsibility for 
supervision and coordination of all future barrlor research and doit lop* 
urat to Carbide* Supervision of produotlon and control at Dooatur 
vested ln r an engineer on loan froa ttio Bake lite Corporation* A 11 
group of OarMdo toohnloal mn ees assisted to tho He Ilex off loo 1 



York* This group reviewed all reports on barrier development nateriale 



proposed for nanufaoture at Dooatur* and eas responsible for deoiding 
etiioh nateriale should go into tfco Dooatur plant for prooessing* which 
were unsuitable, and whleh should ba further developed* 
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DA Mrrirnr* 



(1) Prooodwo+ * tho oarly hlotcry, ao vol! a* the la- 

barrier). am Mtttoj* of 0 



mtor of the DA barrlor (fo»»rly oallod K<4 barrlor), aro 1 
tnoortain^tyj otndioo of thooo point* aro nov bo lug wado by tho Ifenhattan 
Dlotrlot Adrloor on Fatont Mkttoro# ft* natorlal mo known to E« o« 
Xorrlo and W # r« Llbfay* at CoUctbia, during tho porlod «hon groatott 

also inwiti^tod at tho 



onphaolo wao boli^ plaood on A barrlor* It 
labor* toriM of tho Boll Tfclophoao Conpaty and tho Kollox Corporation* 
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O yrodtowtlon* - As indicated previously, in the 
oarly part of 1944, work act tha A barriar at tha 8 AH Labor at or iaa waa 
,torsdnatad, and the faeilitiaa and poraonnol aral labia vara dlrartad to 
study of tha DA barriar • Tho Sohamarhorn Pilot Plant at Columbia m 
altarad to prodnea DA mtorlal, and an intonaira study of opt lms 
standard nanuf aotur ing proooaaaa and oralnatloa of prooaaa rariabloa 
vas lnltlatod # To oxpodito progroaa, tha Isllax Corporation llkoviao 
oporatad a pilot plant at tha Wash Building in Vow York for roaoaroh on 
the OA barrier, with the work ef both plants soordinatedt 
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The process, as operated by the Roudaills- 



Bershey Oorparation in Deeatur, eYentually attained a daily output of 
Sf-,000 tubes of D/. barrier* 

t r ^ 

♦ 
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y Oa 1 September 1944, Xellex personnel and the 



pilot plant formerly loeated in the laah Building vara tranafarrad to 
tha SAM Laboratories, Q& 1 January 1946, the Sohermerhorn DA barrier 
pilot plant was dismantled* Tha major part of tha re tear oh had bean 



aeoompliehed, and from than on, attention was oantarad on another type 
of barrier* In tt^main K-?5 eaaoade, plain DA barrier haa been 
installed' in 1962 stages* 
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f. WB Sorrier. - Aw aooount haa been given, of the 



powdered niokel barrier as studied at the Bell Telephone Laboratories 
and at the SAM Laboratories , first by Columbia and later by Carbide. 
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ts separating •ffltltnej was tho highest eb» 



served in the porosity range of interest, both separating •fflolonoy 
and porosity being readily controllable sad reproducible* 
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In January iWO # production was started by Linde and oontinued through 



Karoh 1946 at which tine the barrier plant was plaoed in standby 

A 

condition. ' 



Proot»dur«« - Tha pilot plant deralopmant of this 
material/ was assigned' to the ?AV Laboratories, was bogus during tht 
latter part of 2944, and was eoatinued through Kay l94C.f 
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(I) Product! aft ♦ - Th* WB b*rri«r g vhioh was protuttd 
at th« Llade pl«ixt c aaa u»ed la a aoo.ll portion of the K-86 produetloa 
plant* Zt ana first laetalled la six atagea, and later in forty-eight 
additional atagea whieh were selected for experimental operation and 
proof of ita suitability* 
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g* Minor Typaa* 



They oentraeted with tha Olobo Onion Company oho worked 



d*3G 



on the problem for severe 1 months* 
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i Tha davalopaant was net 
oontid«red prosiilnr. and was thartfora •toppad* . v 
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(S) Barrier, - During the spring and suaoer of 1944 # 
specimens of pro -formed barrier tubee designated ae *Y* tubes were 
produced by the Beutox Corporation under the sponsorship of the Kellox Lf 'j 

^^^^^^tmm^m^^ m ^_ — mi » i in inn r-ir~i V 

Corporation* / 
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J In order to 



establish the feasibility of producing tho T tubes in toIun, the A« S* 



Cupboll Oonpany undertook * program of reaeareh and develops* at* 



/ 



4-6. Powd»r»4 Rlak«l. - 
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Eventually, two othor varieties were shown to bo 



suitable* One sailed powder B, or •Virginia" powder, was made by the 
International Viekel Coapany at Huntington, west Virginia, and by the 
Vetalo Disintegrating 'Company at Elisabeth, New Jersey} the other. 



oallad C or "Elgin 1 * poadar, aaa a»de at tho Kliaabath plant from niokal 
oxido obtainad from tho Linda Air Produota Company at Tonaaanda, Now York* 
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^ Subaaqnantly, another niokal powlor, oallod D poador, aaa 
Jtaialopad and praduaad by Linda uaiag an ivprevad prooaao ahioh groatly 
inoroaaad tho production rata* 
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Ths prodo«t poa««fod ths adr*ntag«a of a* «ontinuou« mnuf* attiring 
prootM, it r«quir«d mly m short fvrnaoing tia« # tad it anploytd tb« 
prorioualy unaati af aotory doa*atio poadora whioh ware raadily oral labia* 



5f 



DELETED 



^ /T «h«»t w»» ftoeordingljr 

plaoad in production at tha Linda plant in Fabruary 1946* and oentinuod 

until tha plant aaa plaoad in stand-by condition a<rror*l in on the latar* 

t 
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SECTIOK & 



DEVELOPMENT <* SPECIAL FUUFS 



6-1. Process Pump** - Ctoe of the basie elements of a diffusion 
stage la a suitable ptap or pumps* With the solo exception of the 
barrier doTelopment program, the decisions Bade in connection with the 
ohoioe and evolution of prooees pump si see and characteristics had a 
greater effeot on the shaping of X-26 oaaoade design than any other 
single factor* An extensive treatment of the development of puwps for 

* 

process use and other purposes can be found in Section III, (8) of the 
Kellex Completion Report* 

a* Requirements . - In 1941 E. A* Boorse prepared a paper 
discussing the general problem of gaseous diffusion plant pumps (App« 
D27)* It was reoognised that the following requirements had to be 
net i 

1* There must be effectively no loss of process fas from 
the systesi* The volume of gaa to be handled by the 
pumpt # most of which is repeatedly reoyoled throughout 
the plant # is very large in comparison with the rate of 
feed to the easoade or the rate of product withdrawal* 
The smallest fractional loss of the process stream as 
«t leakage would constitute a very serious loss in terms 
of feed or product* 

2. Inleakage must be limited to a Tory low tolerance set 
by considerations of end product loss and purging 
capacity* 

3. There mutt be absolutely no inleakage of oil fop ci 



condensable vtpor* Kuoh rfctorltxl would rcv.ct Tdth the 
vr-oooss cntcrial, am would iErmir barrier torfonnanoe* 
6* In order to reduce tho plant equilibrium tiiat to fits low 
a vr.luo as possible* Itoldup voluro of the pweps canst be 
txdninisod* This axaounts to the requirement of rery 
high nuKnlsi£ apoodfi* 

&« Materials of construction crust bo particularly resistant 
to uraniun hoxaf luoridc, booause pxsap parts ar« subjected 
to higher ;-as tesneraturce and velocities than any otfccr 
part of the plant* Corrosion will hacton failure of 
thin taetal parts such as a bellows, and solid corrosion 
produots can, interfere with proper perforsaaoe of pre-* 
oioion parte* 

6* A wide ran^e of capacity and o oppression ratio Is 
required* 

7* Tito puop ast be capable cf handling a gas cf unusually 

high raolecular weirhtj tli© denoity cf UP C is about 

twelve tines that of air* 
6+ Sff ioleacy of operation is asneoially desirable in order 

to mlninlse tiio power dananded by tho eavcrul thousand 

prcoesc puc$>o# 

b* Selection of 'rucr* IV^o* * It wac rationally believo£ 
(App» B12) that centrifugal purps satisfied these TeQuinaents trnre 
completely than any other typ©# but bcllows^reled resiproe&tinr purptf 
were rc arded as probably a<je<r"tabl© substitutes if the anticipated 

d^v^lotmcnt of a ccr.trifu^fil t;- r >o shnulr ri^oro '^jsv-oceesfui* Tnc ad- 



vantages of a centrifugal machine oyer a positive displacement type are: 

1. It can be built in larger capacities* 

2. Holdup volume is lower per unit capacity. 

3. It can operate at lover suction pressures. 

4* The centrifugal pump has no valves and presents fewer 
mechanical problems. 

However, the oentrifugal pump also possesses certain disadvantages! 

1. Pressure delivered and pumping capacity vary with gas 

density, and therefore with the composition, pressure, 

and temperature of the process stream. 
2* There is a pumping limit, or minimum suction volume, 

below which instability or surging develops. 
3. The high speed requirement results in high velocity 

process gas scouring of the impeller and casing. 

* 

4* The pump is affected by small changes in speed. 

5. A compression ratio unusually high for centrifugal 
pumps is required. 
Keciprocating pumps were considered desirable in the upper sections of 
the cascade because of the low pumping speeds required, and prior to 
the successful development of an external seal for centrifugal pumps, 
or alternately, internal motor bearings and seal, reciprocating pump 
development was believed necessary, as insurance against possible 
failure of the centrifugal pump program. Considerable work was there- 
fore done on reciprocating pump development (App. D26, D29), but, since the 
decision was later made to cancel plans for the construction of the upper 
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A.C. OPEN MOTOR CENTR1I 

W ITH CARTRIDGE. SEAL. 
THIS IS THE, TYPE ULTlMATtU PEVELOPCD *OR PLANT USE 
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EN MOTOR CENTRIFUGAL PUMP 

WITH CARTRIPGE. SEAL. 

oevfiLoreo foh plant use 



sections, and since the centrifugal pump program proved highly successful, 
this type of pump was never used in the oain cascade* However, a recipro- 
cating type was used for the purge cascade ( Far. 5-5) • 

e. Centrifugal hmp Development. - The work was divided 

into two portions: the design of the pump proper (isipoller, difluser, 

i 

and casing), end the design of either a shaft seal suitable for use 
with the usual separate motor, or the design of a motor to be enclosed 
within the pump casing and of such nature as to withstand exposure to 
the process material. Ultimate choice was made of the special seal 

on such disadvantages inherent in the closed type as larger sise, 
complexity, and necessity of auxiliary pieces such as an oil pump, 

the development of special insulation and lubricating oil. Furthermore, 
delivery schedules lor the manufactured items were alarmingly long. In 

limit the number of shaft seals to one per unit, thereby specifying an 
overhung shaft. It was also decided to use a single stage pump design. 
This required a compression ratio of fron 2.3 s 1 to 3*2 t 1 - extremely 
high for a centrifugal pump. This decision also made necessary the use 
of peripheral impeller velocities in excess te the velocity of sound. As 
finally manufactured (App, D36) by the thousand at Milwaukee, Wisconsin, by 
the Allis-Chalmers Manufacturing Company (fig. 1), the pump includes an 
open- type electric motor, and a triple-disc seal. The development of 
the seal is discussed in Paragraph 5-2. The impeller is built up by 
welding fross plates, rings, end blades of sheet jnonel* The front and 



baok plates are cold formed in a hydraulia press. Tha blades ara 
provided with edge tongues whioh project into holaa in tha plates • 
Exoopt In the 1S00 cubic foot per fcinutc site, four "equalising tubes 91 
paaa through the impeller to balance the proa sura on both sides tnd 
eliminate end thrust* Tha impeller oonsiats of twenty equally spaced 
f blades of l/8 iaoh monel sheet. The bladaa are eurvad, and ara assembled 
on the impeller ufaeel with a backward sweep. They are enolosed at baok 
and front by monel hub and oarer discs* The backward eweep feature of 
the bladaa givee a ateep preesure-voluM oharaoterlatle, lowers tha 
pumping limit , and provides a non -overloading power-input characteristic • 
The scroll and diffuser are made of internally miokel-olad steal. All' 
easing Joints are veldadj all bolts, stays, ate* are prorldad with 
welded or aoldered seal caps. Bearings ara alaara type, babbitt-lined, 
fad with aontinuoua flowing lubrioant frcm a a antral eyatem. At the 
motor end of tha drive shaft there ia a flexible coupling, with a 
removable spacer long enough to permit ramcring tha aeal cartridge 
without disturbing tha shaft or motor* A "blowout preventer* (used 
only during seal maintenance) ia prorided to prerent leakage of air into 



considerable effort to the development of oantrifugal pump seals and, 
as summarised in February .1943 (App« DS1), three main varieties ware 




inatalled in the K-18 oaaeade system. 
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being contemplated* 
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d« I>^v^topr5OTt of !ochftnioel Conetruotion# 
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Bfcoh of tftese typos postossad oar tain dlaudv*nta;t>a # and none fiml 
aoeeptod for me In the r*»+ou» diffueion plants For * dlaouaalan of 
th* work on these types tlie roctdor is referred to the Eellex Corqpletioa 
Etport^ Ssoticm III, (8) A« 
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principle* and operating eharaottriotioa w»r» found 



[tdrmrats for oentrlfiiAil •tag* punpo. 
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J fioMMtiaatloai mm oontinued at the SAX IateratsrftM 
through ifcroh 1946* iiwaltaaoougly with the production progran* 
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(ft) Pww ntlon of 8ml Raiting* * &la new eeal me 
« graat etep forward, bat it ma not the final anemr to puap eeal troublt 
Original ahipMnts of Mali mm found to bo ruatad on arrival at ike 
> plant alto* Study mo nada of thla problem by Allle«4%e>lmre and 
Carbide* After a nunbor of atmnpta* a solution mi worked out ao m 
to prswnt any deterioration of tba Ml U o wmu tha tin it loft tba 
a nnu fao tUMf and its arrival at tha U&8 plant* Tfeen tfee seal* mm 
ready for ahlpamt* thay mm olaanad to epaoifioationa and peeked in 
ailioa gel* In an atnoepheM of dry nitrogen* and th» individual ocn* 
telasra eealed* This andad tba rmt diffioulby* In addition* tha ant 1m 
Mlmi shipped &e a oartridge* and «aa ao kept until ready for aaeenbSy 
on a pmp* 

(5) finprommnt of Seal Caowt* • trouble with Mala 

a 

la tht plant oontlnutd to bo tha savjor oauao of Mil 6mm^tim throu£* 
tho ooaplotlon of 909 Sootim* and for 0000 tSm during tht opo* 
ration of that aoetion# Cob am Jot phaao of tht probloK m run doon 
by the QperatloM luohnioal Ctoup at the plant* A nuaber of leake which 
hod boon attribub*^ to aaala wot* fouod to bo duo to tho {pakat uaod on 
tho aaala> and not to th* aaal itaolf# A now gaafeat drvolopod ly Carbldo 

at SAM baa olinimtod this tKtibla* Shia nov part la a rubbor ring 

%* 

gaakat and la raoro oootxttioal to mnuffecturo and to uoo« 

(4) 8oal »*odlf loatlona for tho 506 Bootlon* - Soon 
aftor tho 806 Sootion wont on otroam it oooana apparent that aoal 

■ 

fulluroa vera ooourrihn ot auoh a hl£i rata ao to roduoo tho offooti**noafi 



of the tnper part of the oasoado to a dangerous winlirnan» Operation of 
the whole oasoade with reasonable eoonooy of production required uti* 
lisation of the 808 Saction* but tea) failures in exoes* of ZOO per 
aonth posed a serious problem* 
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( / Bisse studies resulted in the produotli 



of a seal desipmtod as I*»7, which satisfactorily Mt all of the require* 
nts for sella in the 806 Seetion* After their installation* an 



{mediate drop of frequency of seal failures mi noted* and the rate 
consistently inprowd* At the present tise eeal failure stands at less 
than 6 per cent of ^ tg ^vlier rates* 
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They were vary thorougily tested by the group at SAM before being 
installed* the euooeee of these seals is witnessed by the ffcet that 
the rate of seal failure in K«27 steads at a wy lev incidence* The 
operating streets eff iolenoy of the oasoade has been over 99 per cent* 
ae opposed to the 87 per oent originally predicted in design* In 
large measure this higi effiolenoy is doe to the very thorough researoh 
and testing oarried out by the Carbide Seal Development Qtoxp at BASS* 
6-8. 
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ioal gas «yatom nor a aoal itouui aystnu At the Bum tim 9 tho motor 
winding oaa bo situated la tho atnoophoro* oo that ootnrontional 
Insulation oaa bo uood#/ 
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5«4 V Totally Inolooa d Proooao Puaoo. • ft* tjrpo Cf*Q3 poop 
wpraianUd a avail totally •no l o— a twa taga ifeotinghoaoo doslgi with 
an oil Mbrioatod boaring and an oil ooal* Tho rotating oloannto vow 
a o uut ad on a oinglo abort rigid abaft* Tha assonbly oould bo abort" 
oooplod and flajago*aouatad 9 aad roqnirod no baoo plato or foundation* • 
It did roqvdro a opooial aotar laoulatlon rcalatant to proooao gao« 
and a opoelal Hfg- raolotant luhrloatlng oil* It also roqulrod a 
pooling fan and a opooial typo aoooooory oil punp« Sorlota diffioultioo 
woro onoo ua t or od with tha oil and insulation* and with tht dissipation 
of haat* Drvolopoont of oneloood aotor doolgn wao diaoontlxxuad with 
the euoooosful evolution of tho o poj yootor sealed unit* 

**** P^ff^w* • PW0O oaaoede my bo ooooldoroA ae on 
earteneian of tho sain proooto oaooadOdi Uulti-etmge diffuoloual eepe- 
ration it oarried out in this aeotion based upon tho saras qmoou* dif- 
fusion principle* m in tho root of tho plant* Tho pipoae at this 
point* however* io not to offoot tho separation of difforont lootoplo 
varieties of uranium hesafluorldo* but rather to remove i*ny litfit 
diluents uhlph my have found their way into thn propose strean* The 



point to point. Tho noleoulur welfjit wrloo from that of nitrogen 

* 

(28)* to that of uranitea hsastf luorlde (852 )• Decreasing the density of 
P*« handled by oentrifugal punps^ deoreaees the discharge pressure* and 
thereby the capacity* this results In the reo ulr onent of higher speed* 
larger impellers* or wore stages* These required characteristics ^aiy 
fron itcge to ota £0* Poeitite dieplaeenent punpe, on the other hand, 
can handle of different doneitiea without a detrinmtal effect 

on the oenpreaslon ratio* The program whioh mo undertaken to develop 
the nachlnes which would be necessary for the purge cascade* and which 

» 

a auitablo ©entrifu^l puop oould hot bo found for that application* 
was oonoornod with the probloni of internal inertia of high apeed punpa* 
and cdnimlsation of holdup voluno* 

* 

presented of the four win alternate typos of positive dlsplaoeasnt 
nutans which were studied for atro Ilea tl on In thc» tnsfm cascade • Bone 
of theee w*re finally ohooon for the reaaons noted below* 

a 

(1) Shaker Pupp« • lhe shaker ptiap* investigated at 
lSusaehusetts Institute of Tsohnolo©r* showed early promise • It con* 

* 

eiated of a looee piston ineldo a cylinder which oaoiUatod in an 
axial direction* The puop required no liquid lubrication* and no aealfl* 
since there wore no piston rods* but it did require flexible f*o Inlet 
and outlet connections* Shaker oum do to l ctsu e u t was abandoned when it 

— ■^^n^^^ v wawj ^w W , ewr wewj weiewfwn' ^bf wajwew ^www^w^r WjV wew^wow^ wjp ^wew^^ 1 *^ ^ww w w#tw^ w/^we^ey^^— ^w ■ " ^wm - ^w^^^^ww^^w mw^r » ^ w<tw^ e^er 

a 

m decided that the nany problems Involved would require an inordl- 
nately li»f. tlw for solution* The interrelationship beteeen piston 



woipfrt and stroke* speed* and wk dono made proper ocmtrol far varying 
conditions quite dlff loult* She valve inertia problem was also serious* 

(2) Paddle Ptrp# «• Deei#i work in the paddle type 
aaohine was done by the American Machine Defenee Corporation (App* A) 
under subcontract with Ooltcbia University* The puops consisted of 
an oscillating paddle travelling on a eurved cylinder* The paddle was 
nounted on external trun^one* and the paddle rod me eealed ty a ne- 
tallio bellows* Ibe paddle did not have to rely upon pressure agpdnet 
cylinder mile for guidaneo* a large platen displacement could be 
obtained with only enall bellow deflection* and be 11am life me long! 
but the unit me ectopics and required various bearings* cranks* con* 
neetlng rode* rockers* eto# Ibe paddle me deforaed by large inertia 
forces* A great anount of development work would have been required 
to adapt thle pvnp to large eoale use* 

(5) notary Cocapreeaor* * The •Roots Blower* is a 
modified rotary ooopreeeor with external gears and bearings * and too 
figure "8* ixapellers* no internal lubrloatlon is needed* einoe there 
are no rdbblng surfaces* Leakage ie not objectionable throu^i the 
few thouaandthe of an inch olearanoe b e tw e e n oan and housing beoauee 
pressure* handled are generally low* The "EllietWyeholn* rotary 
oonpressor retains the advantages of the Roots type* but has greate r 
effloienoy booause compression is more nearly adiabatlo* Be Ileal 
impellers are provided* and dleoharge and inlet parts are at opposite 
ends of the easing* In Iky 1944 the Elliott Company ms asked to de- 
termine the feasibility of a 500 cubic foot per minute model* That 
oosnpasy proposed earbon oontaot* bellows •etpported seals to be cooled 
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« 

^J^^^^cj ^^^^ ^fciiN^^^^^jj ^^^^^ ^^u^^ ^^^^ ^^^L^^^S ^^^^L^ti^ ^^^i^t f^^^fto 0 ^^i^L^^ ^^^^^^ #1^5 ^ff^j 3^^^ ^k^^ ^^^^ j^^^^^^L^d^^^^ 
at the gear oasinge* Further work on the rotary compressor was die- 
oontlnusd In August 1944 beeauee of suoh disadvantages ae the require* 

* 

osnt of four seals, and the long tine neeessarjr for a ocnplete dove lop* 
mnkm PurthorBoro, at this ttas the status of reoiprooatlnr; pucp 
developaent was evidently satisfactory* 

(4) Bapnotio Putep» - this type represented a develop- 

A ttegnstlo platan* enoased within a iion-oapietlc* thin-*mlled cylinder* 

* 

was na do to ooolllate by weens of an axtaraal mantis nl onlly oscillated 
eleotro«s»gnet« Bio puop required neither eeals nor flexible leads* 

t 

Snportant problens involved had to do with dsv^lopment of a suitable 

on the piston* In order to provide gas film lubrication* a rotary 
notion was given to the piston by adding a three phase laduotlon notor 

* 

section at the top of the platan* An experimental nodol was built at 
the sam Laboratories in J uly 1042* nsln£ a nai*ia&t euro lied by the 
Central Eleotrie Company. Vests showed «iat at 400 RPH inertia foroes 
pulled the piston amy fron the negnet and eaused it to strike the 
oy llndo r heads si Development was discontinued * sinoe It was felt th&t 

^^am ^•■eew*™* f»ie^^Br^^^ejej»a»jr e^ej ese^^s^ w eeerwasroo^^^ m m 1 ^ ^sve^sesw ^sr 'esroovssn^^'v ep ^e^ onv^^o^ear one* ^ — ^ ^ — - 

the pimp was too nassive in relation to its capacity* 

« 

bm Choloe and Development of Reciprocating Puap* The 

oasoade« Original development was done by the Aoerioan Maohlne Defense 
Corporationt anrt production was handled by the VSalloy Iron Tiorka« 132 
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reciprocating stage puaps are installed in the purge cascade* This pump 
possessed advantages over the types aentiened abore in addition to the 
relative simplicity and ease of construction* The amount of develop* 
ment work required to work out the detailed design was considerably 
less than would have been required with one of the mere specialised 
types* The entire pump design (Fig* S) was very greatly Influenced 
by the type of seal chosen* 

(l) Seal, • A bellows type seal was selected* Other 
methods were oonsidered such as the use of a long* straight* heavywalled 
rubber tube* The only rubber which showed a possibility of being 
sufficiently resistant to attack was butyl rubber, but its mechanical 
properties were entirely unsatisfactory* A carbon seal was developed 
which oalled fcr a staffing box of much simpler design than the bellows 
arrangsment* The sealing material was oonpounded fraa carbon and a 
special highly fluorlnated organic polymer* The material was found to 
be seriously subjeot to diem leal attack by process gas, but might be 
suitable for use at concentrations below cote sol per cent of tJFg t 
Interest in the oarbon seal was greatly diminished when it was found 
that by reducing the design speed fraa 1000 to 760 EPU, the life of the 
bellows seal would be so greatly increased that seal replacement would 
no longer be a great problem* To insure a reasonable length of life, 
the stroke was limited to l/s of on inoh per bellows unit* The maximum 
tolerable unsupported length of piston rod was taken as 24 inches, which 
allowed the use of six bellows units* The total pump stroke was there* 
fore set at two inches* To counteract the destructive forces set up by 
inertia y/vtos* ev-ch belloru unit wue arranged tc be independently 




T 




supported and o one trained to xaove a certain distance by neana of a 
pantograph or "lesy Jaok"* To avoid the possibility of roaotion of 
prooeas gaa with oil, a fluorlnated oil (C-2144*) rm.8 used to lubri» 
oete the U«y jaefc* Tha hollow ware sad* of phosphor bronte* 

(8) %jt*SJU * ** p 8» area and llgkt valve 

motion wero reQudred for satisfactory wlunetrio o£f ialeirar* Leaf 

• ^sr ^srs*»^ ear ^sr V ^s» ssbbsjbsbjp ■^sj ^ss ssjj SV ssj ^bbj^sv ^psjB^swesft> ^^^F^ ^ ^"^SF *j« » ^sT i^s» ■^bbbs^^sbf^ ^b^S» qpv^si ^se #sj ^sj ssssssff^ sje^VessJev^Ew •*SS"SJ^^^B1SS^ 

one and and operating over slotted valve parts* 

(8) Lahrioationt • Prooese gas serves as luhr leant* 
To filnltni aa loalraga of gas past the plstfliio) a elaaraaoa of 0*006 laobes 

* * 

■ 

ens ehosen end proved satisfactory* 

. Conditioning Puggs, • Tha conditioning poops (Fig* 4) are 

ueed to olreulate fiitrogai>"^eiorijie dxttaras at a lava ted teopersttare 
throti^i tha eorrOTters prior to Installation* Materials of eoastruotioi 
suitable for prooess pwpa also used for the oondltioniiig props* 
Conditioning gas is smeh lighter than prooees , gas« and a peripheral 
speed was required far in eacoess of that suitable for preeess punps* 
Too stags iapellsrs vera neeessary* both stages being equipped with 

* 

dlfftisers* A ro tar y itMid of 14*400 RPf* aas snaalfled* tn] snaoial 

ootoora ware developed by WeatingHouae for 3 phase, 240 cycle owrexxU 
A diao seal is provided* but sinoe leakage reqi&reaents are lest severe 

■ 

than with tha orooaafi b imbo s* mlir one rotartr afld tan atatlotiaw dlaas 

war© neoeeeary* Tlghtneea was attalaad throutfi the sane oonstruotlon 
technique used elsewhere at K->25 # Bo talaakage ma permissible • but 

out lea Va fffl sraaclf loatlims wovo lsec stringent thim in M*t* of 

^s» sjpoy^»^By^ssysje^Bsasr^^»*T v ssav ^se^sa^^ v ww A^seJF ** ** s»»w^sjjb ev ssjr ^p*v sW ejss»s^s*» see4 ^■^^sf»j*^i p s)j*f eV. 

prooaao ?uop*« ptmna vara aantifaoturad by tha Elliott CompasQT* 
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fWT# " Coolant PtKpe» • A pump ii required to circulate the 
special nroooss ooolaat* porfluortxliiastfoylflVQl ofaaaBana > Hiroudi tho 
cooling eyaten of each si** tags cell throughout the process cascade* 
About 700 such props are Installed is sites wyinc fron 6 to 860 GPJ! 

the coolant is expensive, it is important to cdniaise inventory and 
losses by leakage* The puap developed (Fig* 6) la of the vertical type* 

* 

is ttowfasd at 4$ia K M i f ^M o# a suras dytaa* and takes austlosi dlnatlv 

^F^pf W^^F VF^F^P> ^F ^PF*^F ^^^^ «F ^r^^v*» ^F ^y^F vf ^^P*^^ ^P^P ^F^PT^FPj* ^P>^PP> ^F^P ^F^Py 



coolant* Ihe shaft passee up throu^i 
tank, A aoal it plaood at *o «PP»r 



to 



mittoa fcagi of 



aatBtaiaod wdor pnuvt in tho top of tho tank* Bio Motor is wrantod 

4 

cm top of the tank* In this nay no liquid can be lost throu^i the seal 



a ac e pt 



adgit 



t n t^# % +4tA WMl—o^l- ttfc MMHI 



notoro woro uood, and tho punps vero maufaoturod by Pacific Pvnp*» Inc. 

6-8# ProooBB quo £gg£ £2HB*s 



oiaovating 



■ 

ftadllar specification of no outleakaee and very little Inlcs trigs 



prop 



a leakage 



about 60*000 nloran cubic feet dot hour* a rate of 1400 mioron cubic 



foot por hour ms the woximuo ponsiooiblo for & proooos gao imouun pu 
Koldod oonatruotion and a spooial soal wr* noooooary* All organlo 

♦^wlml m Mm i*ii1am1 fiufi 4so uwb — uf, Aonaisontion of* nT*/MMHSB gas* 

^^^P*» •■W##^PF PW^F #> ^» *B ^A^pmP^A WW V ^F^F Fa ^F f VMV ^F^va^Pa 7 ^^•••r* ^F^»^F#^ ^F#* ^F^F^^P *P PF WJr^U ^ 
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• Early in 1044* Kollex and tho Beach- 



Rusa Cocnany started developnsnt of a special rotary # oil«eealed sieohani< 




PROCESS GAS VACUUM PUMP 



oai mouin pianp for prooeaa gu # A aagwtlo oil levol Indloator ma 
developed to replaoe the conventional gkis ei£it ipu&e* The usual oast 
Iron wao replaoed by a aeterlal slcdlar to SAS-65 bronse* and fcy low 
earbon etoel* For easy aeoess to the ptup interior* voided vaouim Joints 
were designed oo that they could be naohined or r efolded with relative 
elnplielty* A quadruple ehaft seel m* provided* and epeoial highly 
fluorinated inert eeal oil me used* Eleotrio heaters were Installed to 
mlntain an elevated teaperature while the punps were not running* for 
the nurpoee of redwing liibrioant vieooslty* as well as to prevent 
oondeneatlon of the prooess gae* Ho we v e r * at steady operating speed, 

i 

heat g en e rated is nore than euff iolent to taaintoin proper lubricant 
viscosity and keep the prooess gas in tho mpor ettto* A ooollng mtor 
system therefore had to be installed,! and requlrwd a double natal sepa~ 
rating mil to eliminate any poeeibillty of mtor finding Its way into 
the UPg etreao* Copper tubing ms wrapped around the ehell of the pteap 
and soldered to obtain good heat transfer* Figure 6 shows the final 
design* 

i 

Fluorine TJifcouaa Fuppa* ~ these pvnps are for emouating 
conditioning flae from proeeas equipment* Requirements are similar to 
those for the prooess &m morns puraps exoept that the outleekage 
spec If loa t ions ean be soraetihat lees severe* Ttork was undertaken early 
in 1944 by tho F* J* Stokes Mu^hine Goopany to develop a epeoial* rotary* 
oll«eealod* neohanloal mouum punp to handle fluorine* Cbskst and 
flange desists were completely revised to uee alurainvmi and * British 
Forcmla Rubber"* A rotary ehaft seal was nade up of ntterlals resistant 
to fluorine* Casting were rigidly inspected to ellnlmto a poesiblo 



ft 0112*00 of loulflELgft due to corositv* As In the oroooci iras mouun ou&ds* 
a special seel oil ms used* requiring an electric boating ays ten* 
Curing operation mttr coo ling ms required* This ma provided by man* 

■ 

aI* AAnni^ 4a»K 4«n » in fcHfi aaaIAtk? iMaa ■ IfoMmn 1 nfiii Mi mit t ojmunA 

w**. Ww^j^w* w»*w w*www*w*«fj *r • •* "•Ww«* TT,, * # wwiw~ w w*» wwpw* wfcMP 

ooila. The load proYtdod the ntooasary doubl* wall, and aotod as a haat 
transfer saediun* With the oil mod* whioh contained considerable 
hydrogen* fluorine oemunptlon mo high* Thie iod to an increase of 
oil viscosity* blackening of tbo oil* and oooasioaal burning of tho pwap 
mlms* A series of toots ma run in tho Eel lex Laboratories* circulating 

* 

mixtures throu^b tho puqpc of ale and tftmraty por oont fluorine in 
nitrogen* On tho baaio of thaao toots* an operational procedure ma 
outlined* controlling tho fluorine oonoontration fed to the puqp* anl 
the unoer llstit ma aot at ton nor cent* This did not laoooe severe 
rostrlfitlons on the «m*M t ionin g o pera ti ons which involved tho uso of 
thoao poops* the final design la shown in figure T« 

6*10* High Vaouupt Fungs* «• Thoao pustpe are used in connection 

with mas e p o otr eae ^er look do toot Ion work (Par* 6*4) to pvEOp ^p^^)gLpB90n>w 

to hl£i wawai 9tfQr handle eii> require no special naberlals, and 
nrwsent no apaolal problems, Hownrer, they m»t moot speolfie require- 
Banta of hi&h sooed* hl*di oaoeo lty« ami vbtv hich vaouuci (ltT*^ to UT* aso* 
of ceroury)* It is also required that com of these units be rugged but 
portable* In the syaten ehosen (Pie* 6)* the equl^aant to bo emouated 
is oonaaoted to a "Prlmry Pvap* (Pig* 0) tihioJi disohar^es to the 
•Booster Punp* (Pig* 10)* B»oao are both oil diffusion mown puraps. 
The {pis then flows into a xoeohanioal vaouxm punp uhioh is a Beaoh-Russ 
retary piston* i ingle atago t hifji mouian* oil sealed unit* In order to 
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provost oil vapor fron diffusing or flaring baok into the space being 
evacuated* a refrigerated vapor trap ii installed ahead of the prisary 
punp* This trap la oooled by a Bestin#iouse neohanioai refrigerating 
unit* To develop the oil diffusion pimps* programs were initiated at 
National Research Corporation* the Westlnj^iouse Eleetrio and Mum* 
faeturing Corporation, Distillation Product**, Ino** and the Eel lex Hash 
laboratories* The oil is heated electrically* Oil vapor rises in an 
inner ohaaber* and is directed downward, discharging throu^i tec annular 
nostles into the epaoe between the inner ehenber and the shell* Copper 
cooling water tubing is wound around the shell and discharge ©onneotion 
to condense the oil vapor which then runs baok down into the oil reser* 
voir* A fluid leg between the inner ehanber and shell walls prevents 
a baok flow of vapor* For use throughout the proeess and conditioning 
areas at £"25* a total of about 108 units were finally ordered fro© 
ffestin^xouse in 2000 and 4000 cubic foot per minute 8 lees* Si* units 
were bought front National Research for use at the fie Ilex Jersey City 
Test Floor (Vol* 8) and in the laboratories* Five units were purchased 
from Distillation Products for use in beating valves being manufactured 
at the plant of the Crane Cottneny (Vol* 5)* 
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: CTercl» * The usefulness a: id or&otiotility of a product! 03 
plant arc oo pletoly doperidont upon x he proportion of poe Stive control 
to whiclt 5t ie 0ub>^ ' . emulation of* proceao vtriablec, constant 
knorlcd -e of rsrwct.—.. fctraan tvrit/* *. nfi control of drsirod '.*:^ r aiccil or 

i 

chenioal trcmsforxaaticn tut lug pl^eo during tho course of the xwronent 
of mterial through a st^rx-viso ocrioa of nrooensin oporatime are 
princ requiremntc for effective plant ooomtlon* instrumentation ie 
p-cncrully provided first for tho nurpoac of detarainin ; opemtinc 
variables and phyaico«K&eraioal pro r >ortl^c of the process stream and 
auoor^l far the purpose of controlling these variables oitfcor manually 
or automatically* Supcrinpoged upon tho usual problorae Inhoroat In tlie 
planning development, and operation of a workable cystcn of irtc truacn* 
tation # tlioro Is presented at the I>CC plant a nutibcr of imucual rc*- 
quircnmit© and corxiitions will oh neoesfiltutod a vast ^rorran of research 
and develop: -en t incluflirv: theoretical oor Gidemtiona, f emulation of 
requirencntfl, adaptation of amllablc doviocs, and orl - ioatiorc of new- 
types to fit opoclal noedo« &non; the opccial oonditicas ohteinin- 
within the r«S£ plant ray bo listed thr> following 

1* V-xteneivs need for determination of proo stream purity 
at a jjreat tx:xy pointed 7t Txia doencd neoesuary to 
provide a nouic for cartlnuour, auto»vtio dotcrnir*atioii 
of the ixiditriduttl proportions cf procoac dllusnts eueh ac 
nltre^n, osyrcn, a-i^ 1 coolant," £t l&r.t at or.t point Ik 
cvory buildjL'i.;; o'* tu rtir, e^coad'i, H.z i>27 ct^o^c. 



and the pur^e eaaende. 

Sub«<trnoflphorio prosauro of tm operating prooose. Eiie 
results in t!*c danger, proscnt throughout the plant, of 
Inioakare of atabophorio air, an ocourrenoe *hich cannot 
be tolerated* 

HifWLy corrosive nature of the process mterial. Uraniiss 
hoxafluorido reacts with £l&ss, xaoct ratals, woicturc, 

i 

and ©rr*nic na to rials. 

ttoooaslty for is o topic assay tostinf> Instruments capable 
of distinguishing between isotopes of a particular 
•lorraat arc wry for In msnbor, and to date havo had Tory 
Infrequent application to industrial probleroe of plant 
control. 

Bature of the nile~lanr gaseous diffusion process* which 
Ib ultra -sensitive to pressure mv©c and temperature 
variations. A continuous diff usional separation process 
demands a steady stats* "ressur*? f luctuatlons, puc?>In£ 
disturbances, and sinilar variations set u:> maros and 
surf** whieh cause cdxinr of stroans and loss of sepa- 
rative production efficiency. 

Sevoro consequence© of variation of operating conditionc 
frorj prsdeterrdned values. An inloakaro of air or 
coolant at any one stave, for czsugplo* produces streau 
contamination at that point, irtiich begins immediately to 
be carried in both direct! oris, tecidinr to spread throu5*i- 
out the- Tiiolc oascudt. ?;vic o^Ji result in roduoc'd 



prod;icticr; capacity end ecriouc dam^c to tfic delicate 
and TClucMc barrier curfaooc* 
Tht v^ct a cope of the inetrunant^tioii phase c^" the K*25 devolo ;ncoit 
procrcm, and the cxcoption£.l technical comlcxity of the subjoct natter * 
preclude the procentetion of raoro than a Burr&ry doacript&on in the 
present volurr 1 of th^ final rothod cf application of tho vurioic principles 
utilised* Accordingly* the rmoui&der of this section attetntc, lor the 
twelve outa tending dfrrolopraeste in fanoous diffusion plant irmtrmacn- 
tetiori, to describe the principle of operation in each c&ee* the equip- 
nrat'dcaign and arran^craont finally ehoaon to take advantage of tide 
prinoiplo, end the ultimte nethod evolved for op orating the asscriled 
unit* The nujority of thr device* doscribed bclmz were developed and 
manufactured by collaboration of the Jlellex Corporation vrith the r&ooral 
Electric Cosspcmy (App* P76, T)77 # T78). Canaiderabl© w>rk ma alao done 
at the laboratories. Other f irzas participating in the program wore 
the Moore '^roducta Coopauy (App« DT6) # the tbylor Inatrucwnt Corapaay 
(App, and the Republic Flow } >trr Company (Ap?« D80) # The work 

done bv those laat-eaiuaed eoncorno falla oost properly *»dcr the heading 
of ©culpr*mt deaim and proouren»utj diacueeion of thia irarY ic accordingly 
reserved for Volume 3* For moro dotailod trcataaent of particular aspects 
of the tfori: on inatrxaaonixttiou, re? oranoa ehould bs raado to the Keller 
Conplction Kenort, Section III (10) # to tho pertinent operating rcrxwlr 
prepare by tho Be Hex Corporation (the&o am tabulated in Appendix CS 
of Volume G), and to trtininr tjLnualn of thr Carbide and Carbon Chenioali 
Cc mora tior* • 

C-i:# Ijucs Spcctrcr^: r « * She* B^-octroi't;tcr fonrui buair 



of a ntsabcr of tho noro nur»rouc anc nor© inportar.t inetrurarcntc es- 
pecially developed and engineered to fit the particular end exacting 
demnd£ of tiie 'laseous Diffusion JVoJ|oct# The Kcllcx Corporation and 
tfre r taeral Fleetrio Caepe*^ vorired out the deoi;?i and rtuaufac turin^ 
procedures for this cKjulpntsit* Ti*e cuss epoctrocctcr # or ito fore- 
rtnners, hav^ boon known for about thirty years* The instrument hac 
provided a powerful tool for workers in atonic physics, and hex recently 
been applied to amlytioal problems in several fields such as the 
petrolmm end synthetic nfcber industries* Unquestionably* ite nreetost 
application to date has been to ejssay end production problem within 
K-25 end othor project© of the Manhattan District* Ibkin- account of 
tlx* difference c in relative cuss aoonj; the various individual oolcoular 
or atonlo partiole* present in a caeaouo olxture* tho mss epootrorxrter 
ie suited to ieotopio as well ae ohardeal aeeay testing since, by 
definition, it ie this atonic mss «fcich distinguishes tbs several 
isotopes of a given eleacnt from one anothor* 

a* Historical Survey * • The origin of the mas spectre* 
neter dates fron the year 1BG6, vrt*on !:* Ooldstcin first observed what 
were called "oaml rays* (App* DOS)* These were later found to consist 
of streans of ionised particles, and arc. notr fcnoan as positive ion rnye* 
In 1890 TT* T/ion first succeeded In producing deflection of ion rays by 
Beans of electric and laar^tic fields (App* KOD)* Early work on dis- 
persion or positive ion bctins wac done in 1907 by J* J* Thoracon (App« 
D100)* Later wort: by Thcoson in 101S, involving studies of the behavior 
of li^ht rases, enabled r* \ m Aston to announce thr irportunt discovery 
cf teo Septra to Icotopea of noon* Tn 1S1G A* J# Icx^ctcr (App* HlOl), 



developed a d ire ot Icxvrf oeus in* technique for oositive ray analysis, and 
in 1910 F« n„ Aston (App» DlOC) devised a velocity focusing nethod. In 
193S Aston published a ocnpreheasiv* text on tho subject of oass spectre* 
grephy* and described en instruaent of advanced design (App # P185)« 
v;ithln the Lfenbattan District* tlie n^so spoc trass ter reoeivod vigorous 
and lntonsivo study and develepwmt chiefly tinder tho direction of 
Dr» A. 0 # C« liior (App* C23) working first at the University of Mine- 
Sota f and later for the Kellex Corporation* For an extras ivo historical 
treatment of the invention # development* and application of the raise 
spectrometer, as vail as tho story of its me on a finantic production 
scale at the T^12 Project, the reader is referred to Book V* 

b« Principle of Operation • Several fuada&enfeil principles 
arc combined to fom tho bat Is for tho operation of the hiss epoctro*» 
aster* 

4 

(1) Ptomition of FXecfcron *teaa p # * A boar, of hi#i 
velocity electrons my be fornsd by enclosing within an evacuated space 
a hot f llaasnt and, at a orb distance fron it, a positively charged 
platen The hot filament will aonit electrons, which will be attracted 

■ 

to tho pl&to* The beasn can be accurately alined by inpresein^; a 
naTiotio field in suoh a my that its linos of force are parallel to 
the nath of the electron rayo« 

(2) Icalsation of Uses* - A rapidly travelling 
electron striking a gaseous ooleoule T^osooosea thr» ability to dislodge 
one or core electrons freri tho ;e.G nolacule, causing it to bcooene a 
positively eharr<*d icn« 
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ions can b« accelerated and diroctsd toward a lov? pcteatiul ti r ct by 
subjcctta;* then to the influence? of c. hi;:h strength electric field* 

(4) Scndin- of Ton I&ys « • Iiormilyj the accelerated 
ions travel toward the turret alon a rectilinear path parallel to the 
line© of force: of the electric field iw>ofiod# litmarerp if s. mrmtic 
field is supcriinposod with its linos of foroo oriented in a direction 
perpendicular to the natural patfi of the Ions, it will toad to dof loct 
then froa their * trairht line path* and oause than to travel in circular 
arcs, the amount of dof lection bo in~ greatest Cor those ions of lowest 
case (Fir# U)# That is, the heavier lone will trawl alony arcs of 
floater radius of currature# If tlio Ions wore pemitted to e trite a 
tarpot t*11 interposed approximately perpendicular to the direction of 
trtvelj it can ho soen that the r>oints at which ionG of different nuoaoo 
strike would bo distinot free* one another, and would be arranged In the 
ord^r of their respective relative naascs* A nsons ie thue available 
for separating raolscules of different woirhta* and for sortin- iaotopes* 

(6) Diacharrc of I one* ~ As the nositivc ions 
strike the relatively nep&tivo target plato t they -bike up electrons, 
beooninr eleetrioally neutral* This results in the attraction of zaoro 
electrons to tti& plate fron the ajctemeil circuit, i*o#* flo™ of con- 
ventional electric current from the p!at<3# The na^nltude of the- current 
produced will bo in direct proportion to the raster of iono discharged 
per unit tlxxi* If condition* are oo am nre>d ttet only tlie ions of a 

specific mass are allowed to roach this ''collector plate"* moacuremat 
of the plate current rill rivs an indication of the nurbor of nolcculcc 
of thic particular ms&« 
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(C) Tteo of Klitc« - 1Me selective condition can 
be arrcuiffsci by chic Id in f - out all lozn except those of the necirod rai^ht* 
A shield can bo inerrtod in front or tho collector plato containing e 
narrow slit at the focal point of lone of tbo specific mse desired* 
They pass tl<rou;;k tho elit and strike tho collector plate, while others 
arr> intercepted by tSifi wall* Other slit erron -orients can be errployod in 
the apparatus to orient, focus, and air, iho electron end ion boans* A 
striking analogy can be drami between tho fcinin and focusing of* ion 
beans by slits, and tho sinllar control of liffrt beano try ril&ss lensoD* 
The optical analogy is further strengthened, and visualisation of aasa 
spectrometer action aided, by oocperin r. tho disporsion of a nixed boon 
of iaafi of uariouc rmssos to tte> dispersion of a boasi of white li-ht 
into it© wrioua component wavelengths by a trionjular rlass prian as 
applied in the woll-i-nown optical s >ectro»eter«. It is from this analogy 
that the n&m "jaass eoectroiacter* is derived* 

» 

Cm Conoouent iarts» • Referring to Figure 12 which shows 
a typical a-?octroac*$trr tube arranromnt an used in tho "Lino recorder" 
to be described bo low, the "source" end Is housed in a glace envelope 
which is attached to ths copper analyser tube by jwans of a Kowr*-to* 
placs ooal, tub in r aurroundin- the collector plate is nade of 

n5eV:ol rtthor than corner to avoid tho evaporation of ratal en t'n 
insulation supporting tho collector load« / ffc.s inlet and a lt*(>/L* inch 
eoppor 'vacuun purr* load t.i*e provided* £ectior*il dmvdn;: M AA" shows thv 
filfiurent F and electron oollootor plate T« Ihv poles of on Alnioo* 
ma /mot arc p la end as shown for the ^urpose* of accurately aliTaiir* the 
electro:.), bsxui* In th*> rein <hxs.r5s\-;, tlr- electro:* beer croLC soetici;. 
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is indicated an a heavy dot imediatoly above the slit in the shield S* 
A series of slit plates, Jl # J2, J3 f J5 # r,nd 3 aro provided* in line 
t/ith the oouree» Jl end J2 arc a split pair, and porai t bonding the 
beam to one side or the other to compensate for imperfection in aliga- 
nent # as troll as for the slight bending of tee ion boom produced by the 
Mapjetio field used fbr aligning th© electron beam* The renaiaSor of 
the plates fom a "lens" which not only increases the Intensity of tlio 
ion beam entering the nagnetle analyser* but also prevents a dropping 
off of ion Intensity for all but the lowest energy ions* The two plates 
narked 3 are grounded along with the mens tic analyser housing to which 
they are tied* 

d» Method of Pee* « » The spectrometer tube is continuously 
ero.cta.bed by xaeans of a diffusion pump and tooehanioal fore pisap system 
fiaopls &lb is introduced into the souroe baa and ionised by the electron 
beam* An ion bean is formed and accelerated tfirou^i the analyser tube* 



The relative anount of a particular oonstituent is dete mined by 
neasurinc the collector plate current with accelerating voltage* difference 
between the positive electrode and the collector plate so adjusted as to 
cause this constituent only to focus on the slit in the oollector plate 
shield* Selection of the component to be so neasured is cade by suitable 



regulation of accelerating voltage* since for a nivon taacpetlo field 
strenptfc* the curvature, of the path followed fcy each ionic species wil 
increase as this volte no is low rod* An alternate method of ion se- 

i 

lection could be worked cut based upon the regulation of tho m pie tic 
field strength* However* the firct taethod is enplpyod in moe spectro* 
rxstorv at K*21j« Specific applications for iixstruuicn'fe utilising tSie 




FIG. 14 



DESCRIPTION 



DATE 



CHECKED 



REVISIONS 



THE KELLEX CORP. 



SCtLI. 



On. 



Cko 



DATE 



Am 



_No. 



-D 



ma as spectrometer principle ars present, 5 d in the next three paragraphs. 

6-3« line Recorder. - Effective operation of the u-25 plant 
requires that the chemical composition of the process stream be known 

* 

at all tines and at many points. This is necessary in order to de- 
termine process conditions and to detect various types of leaks as eocn 
after formation as possible. Continuous analyses are run primarily to 
detect an abnormal rate of inleakan as soon as it occurs so that if 

■ 

it is serious. Immediate corrective action may be taken. The line 
recorder thus serves primarily to keep a continuous graphic record of 
the concentration of various contaminating gases, but also presents a 
means of cheeking cascade inventories. It was developed by the instrument 
department of the Kellex Corporation with the cooperation of the General 
Electric Company, who manufactured the units Installed In the plant. 

a. Principle of Operation. - The heart of the line 
recorder is a mass spectrometer of moderate resolving power. A number 
of accessory parts and auxiliary instruments are required, and were 
especially adapted for this service. The special principles involved 
in the operation of these items are described below. 

b. Component 1 arts . -» The schematic flow diaxsvim for the 
line recorder is depleted in Figure 13 (facing p. 6.8). The electrical 
connections are represented in Figure 14* Figure. 16 (facing p. 6.13) 
shows an isometric drawing of the complete assembly. 

(1) Mass Spectrometer. - The function and finally 
adapted fabric a ti9 u details of the mass spectrometer tube, or line 

recorder proper, have been described in haragraph 6-2, and are depicted 

« 

schematically in Figure 12, facing page 6*7* 



(2) T'ir&ni ~ 3i© riitoi f»Ro is actually n 

pressure Ixiflloatln:; incttftsocirtj bat Id ueod in the Xlr^ recorder to 
mnaoura rute cf flow of the p£^i fior.;>3c entori^fj tlic e;>ectraza£:t*r tubo # 
Slnen firm* ruto &xkI proeoure of the <t.b arc interdependent* It lfl 
bus 06 upon tlv- principle tl*it # witldn the pressure runc^ involved* tl*c 
jptte of hect Iocs, and honoo 12:o tewpomturo, of & hoc tod vire f depend 
\r>on -itic procuure of the ©urrorcdlxv.; (&s« 71*0 bonperuture of the wire 
is oaaeurod by aotinr its change in elocbrioal reeic&nco* 

(8) Adjftuatoblc LgeJc» » It le necessary to control 
tlio pafl flow at tiie ixxlot of thu tube rue*: beo&uoo tfco cpectruiaotcr tube 
is built to opera to r.t & Pixtoi f^ro raudir; of about 100 allllvulte* 
lb re [-a lute avjcurutoly th? oxtrmtsly e&xll f lovr required, a uovel vtilvo 
wuo epeoSnlly dsviood known &a tlv~ ''ttdjuotiiblfc laafc% /-c ehoflCTi in 
Pi'-ure 1S # iiu (tie la throttled by paaaa -e throunh a sxr.ll cnnui&r 

■ 

e'jaco tho site of ti:ich ia dopteidon^ u^on Lho pressure on tto leal; 
tsi^j, uJilcl; is regulated by & olaqp* A auxiliary tnJbe lo provided at 
tiic entrcnac to tho lo&>*. in order to prevent ©ffueivo fructionation 
oikJ olj&a; >■ oi T ©c&vooitlc&i of Uie poauia; *'d*n>u t ;h tiic liiio 
adjhu3te.blc l;*.k could reduce on ataoenhorio empty prceaurc to 1*7 

ti) ChordouS Sruy. * In oivcv to .ircvunt tube ooii- 
tX-ri^tis:; by dcocuitiai of u chcrdoul JUs provided tc rerxv^* 

t,.- raictiro. vritii i&>rcury* tiic urauiw; bcsoafluoridt i'rcffj, tlvj dxtiarc 
entcrin ; t»ic tul>e racl; before it cntorfl the e::ectracs»t*:r tube* Qr*> 
trt::> ie fi!iOTffi Si: rifure 13« Vmxrur;/ diwtillc I'm. ito rceervolr en£ 
Clf'tuzc^ x).' m sv\\ l/^. inol/. u: t*v :dekci tub^e t£.3.:^ eurvs 
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CHEMICAL TRAP 



entrance and exit line*, respectively, for the gee to be analysed. Upon 
reaching the cold spot, the mercury condenees in sufficient quantities 
to reduce its pressure at this point to its usual value at the cold spot 
temperature. The condensed mercury then continues on, and reacts 
completely with the OF^ a short distance up the tube. Ijccessive 
quantities of distilled mercury nay drop back into the reservoir, together 
With any reaction products which flake off the walls of the tube. To 
prevent these reaction products from "poisoning" the mercury surface, 
the nickel tubing ie extended below the surface so that the region below 
the holes in the tubes acts as a trap. The cold spot oonfines the reaction 

mercury does not oondense before reaching the cold spot, a warming fin 
is attached. This also prevents any excessive cooling of the reservoir, 
anH assures amnio flow of mercurv to the cold soot* The low temperature 

t 

r 

of the cold spot is maintained on each of the two nickel tubes by 
means of a copper finger submerge^ in a slush of trichlorethylene 

ft 

from the reservoir chamber, is the mercury charging Um. 

(5) Glass Trap. - Oases leaving the spectrometer 

■ 

tube ness through a class treo i ters ed in liauid nitrogen* The 
function of this trap is to freese out mercury vapor which might find 

■ 

its way into the stream from the mercury diffusion pump. The trap also 
prevents the vapor pressure from interfering «*th tn# 8*4° reading, 
end eliminates the possiblility of aeroury vapor entering the spectro- 

meter tube. x 

a 

mmMMg 
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(6) lonleation Cage, - An ion gage tube (Fig. 17) 
was adapted and manufactured by Distillation Products, Inc. It is 
connected to the glass trap inlet to measure the s]>ectrometer tube 
pressure at the jauqp lead. It is set to shut itself and the spectrometer 
tube filament off in case of vacuum failure, so as to avoid burning out of 
a filament. It consists of a source of electrons which fall through a 
potential drop of 100 or more to Its, and a means of collecting the 
positive ions formed froa the gas by electron bombardment. The ions 
formed are oollected by the negative plate. The resultant plate current 
is measured} for a fixed electron emission, it is proportional to the 

gas pressure. 

(7) I*umping Equipment. - A two stage mercury 
diffusion pump is provided, having a capacity of six liters per second at 
a pressure of 10~^ millimeters of mercury. It is backed by a mechanical 
fore pump, and an oil trap is inserted between the two pumps so that, in 
case of failure of the mechanical pump, its oil will not be drawn into 
the diffusion pump. Two thermocouple gages are provided to measure the 
fore vacuum* Similar to the I Irani gage, these are also "hot wire gages* 
and determine gas pressure from wire temperature, but instead of measuring 
the wire resistance, a thermocouple and milli voltmeter are used to in- 
dicate the temperature of the wire directly. 

(8) High Voltage Supply. - 2500 volts direct current 
is required for the operation of the line recorder. 

(9) Control Panel. - The function of the control 
panel is to divide up the high voltage so that the proper accelerating 
voltage appears at the source. 
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(10) rjajeeioa Regulator* - An emission regulator is 
included in the desl ti to furaldh voltaic Tor tho reminder of the 
source^ and to provide filM**nt ourrcnt eo nspilatod t!nt tho totel 
eo&saion reaaains constant* 

(11) ArrjQR Kystccu * loans wore originally providod 
far introducing a emll Quantity of arron Into tlie paa stream as a oall~ 
bra ting ras to show any changes In sensitivity caused by aging of tho 
tube« This equlprisnt la not uaed uad is be in?- reraovud fron tbo llna 
recorders* Standard UPg-txitrogan sasnlae are new used for calibration* 

(12) Anplif loatian fiystjsp* «• tho pra-anplifior and 
ajrrolif ier servo the tenortant function of rooamarln;- the ion current* 
Currents as lot? as 10"^ enper©a can bo brought vdthin a ooaeurcb lo 
ranr«? by tho use of this apparatus* The art lifior oosrisists esoentially 
of a vocuun tubo voltmeter vith a hi{£i roaistanoo fyid circuit* 

» # 

(IS) Voltero Stabilis e r * ~ Iho' volte ~* ct&bilisor is 
a oomaroial stabilising unit vhioh is intended to amoth out fluctuations 
in tho 11C volt alternatin - current obtained fron tho mlnsf uoo of Hii& 
device mires it possible to sirplify the dosl^ of tho other accessories* 

(14) Reoord or* • The recorder raooiiaciara switches the 
spec tr o t jut*r tii>3 voltoroo to the required v lis* for each ion to bo 
tooasurod* selects the sensitivity of the amplifier, and records tte 
Individual con^onont oonegntratiocu) in tcnao of aqpliflod plate currents* 
by E&anc of a Leeds and KortJtrtt> recording potential t*r* Ito various 
diluent ooneontrutiocia arc thus twrdned in a proarrcuv.-ed u>d oor.tinuously 
repeated sequence, Tho result is a eet of ourvce vahiah rmphia*lly 
portray the tirKH*variation of each oorpanait. 



c« VcthoZ o f Ue o » • Jfert of the disch&r-n frc*i the A 
ptr~> tho cixth stere of tfie coll boin- monitored is circulat&d oon« 
tinuousl/ to the operating floor through a heated mmifold and ratucrnac 
to the auction of tho emae btmp* About t? ree cubic oentJjsctare (or 40 
nil! i franc) per day of UTg lc blod to the *;>©ctroHDter tube by roans of 
the adjustable loefc» tho ttfoc operator at 1(T^« 10*^ Edllin»toro of 
c^roury* 75 totul flay rate of gas entering the tube rack is xaoacurod 
by moons of the Plranl raro# is chocioally rovtmd f rota tlw stroaa 
before it reaches the speetronetsr tube* and residual msos are measured 
by moan* of the spoctrcaaetor* Sixteen points are included on tho 
printing dovlca which opomtee on a 6*4 xainute oyolc* All evan-*n»i>orod 
points record the concentration of nitrogen, Wioh in ordinarily the 
soot prepotideiwit and moot important diluent* Points 1 and 9 record 
oxygon concentration* and point 6 gives aa indioution of the presence of 
tydbro^CT f luoride* It is not possible to xaoaoure the letter cor^porumt 
accurately sinoe zsuch of it 1a pre^aboorbod by the ohaaaioal trap before 
th# sejrnnlc ctrccm rwaoltes tl*e epectrownter tubo# However* since & portion 
passes on throurh tho tmp* a qualitative Indication of itc presence i* 
possible* Point 16 records coolant* perf luorod ins thy loyo lobraan© « In 
thic cane t ions of race CO are detcrninod* In other vfordo, instead of 
oe.ro loos of an clec tran, the CqFj^ (molecular tiei-ht 400) iodUtoa by 
cleavage of the Boleculc* Point IB reoordc tho oorfcined c&ioontrc tion 
of carbon dioxide and nitrous crcido, which nuy find their into the 
process stroma by way of leaks in various process rofri reran t systerx 
(Vol* 5) # The lnstrunxmt oannot distinguieh between COg una EgO since 
thoy havs identical ionio mascec, ncinojy 44« Jointe £ and 11 are un*** 5 



to chock the? Piranl yi?c oanplc flovr rcedinr> and point 7 provides for 
an Amplifier instrument sero cheofc# UFg c onocn tre. tlon is detornln&d by 
difference* As an Inherent consequence of a octhod utilising cub traction 
of quantities, the accuracy of UFg deterninatian drops sharply If the 
line recorder is used whoro the axaounts of nitro^eoi or other diluents 
are larfe, since a one per cent error is possible in e&oh spectrometer 
reading cannot be effectively deterdned where its conoentr^utlon 
Is as low as two per cent* the UFg oontent cannot be laeasurod directly 
in the lino recorder since deocoaposition the hexafluorlde sharply 
llrdts the life of the tdbe» A special rack is bein;: developed at this 
writing and is applicable when UFg concentration ix; so low as to cause 
serious error in the difference method* In this device the ehaulo&l tmp . 
is ocdttod| UPg and hydrogen fluoride are determined directly* The 
useful life Is subject to linitatian by decoct ositi on and corrosion* 
Tfco lino recorders aro installed in each process or purge building in 
K-25 and K-C7* A copper tubtor aanlfold system is provided so tfrat 
either lino recorder in a riven build in - rny be valved to any cell in 
that building* One is usually connected to the bop active ooll so as to 
wonitor tho Inleakago to the building* This is called the "principal* 
line recorder and aetuates a corrospondlnr "slave" rooorder in the central 
control roonu In thio roon a curvoy is continuously available of process 
stream eoraposltion throurhout tho cascade* The line recorder is very 
f lexiLloj frequency of' arjilyciu, oontasnimnts analysed, ranr& # and 
precision can all be varied as desired* For non^routino work tho recorder 
pro '-ran can bo cJion.roci to analyse for different oarponento, or to fiivo 
inoro froquoni u-iulyeos of u epocif ic oowpon©nt* Thic is dono # for 



cample, when It le desired to teat for loaVo tritti carbon dioxide an a 
probe Such a method h&c been developed as an alternate to tho 

original vacuun tostinr procedure (Far* fW4) i/hloh requires shutting 
down, ervactRtin^ # and ropeatodly purging tho ooll In question until it 
is free of process f*X£ f and tlum probing with helium Th© carbon dioxide 
tostfaod pored te probing of suspected areas without shuttin down tho cell* 
and trliile it ie in full prooess operation* utilising the line recorder 
to indicate penetration of probe pas throurh a leak in the eye too* 
instead of a portrblo lead detector epeotronetor* The firthod effects a 
great eevinn in the amount of process interruption timef the cell ie not 
taken off etrecm for leak repair until all the preliminary work of leak 
location has been coapletod* 

G-4* Leak Detector » • All previously eacistinc wthods for leak 
detection* euoh as soap bubble test in r and rate«of«^eeeure«ohani3e 
xaethods, wore completely unsuitable for use In K«*25 equlpnant tooting* 
It was very isportant to conceive and develop a radically now taothod 
WhSoh would bo very ae^umto, wny rapid, and capable of diecloeing 
extreroly sm.ll leaks* Early in 1944* experts on vacuum technology wore 
called in to review tho K-35 vacuum prorranw Kepreaen tc tlves from the 
feneral Hloctrio Caapaiy, the Wostintrhouee Flectri© and Mtmufaoturlng 

4 

Comany, the Rational Ttosoaroh Corporation, and tlic Huihattan DIotriet 
attended a teo«day conference, at which tire it w&a ponerally arroed 
tli&t the Kollez desl;?i featured wore sound* and that tho proposed 
tostinr toclmiquee wore bettor than any previously known methods. Tit© 
problera mo finally solved by denrelontaent of a rwthod involvinr th<* use 
of a probe pus and nicu epeetrotaetcr detector* Helium wuc cboeon aa 



the probe gas because of Its non-toxic nature, and extremely low mole- 
cular weight, which makes it very suitable for use where ease of pene- 

4 

tration through email openings is desired, furthermore, there is no 
possibility of clouding of test data because of traces of helium arising 
from other sources and existing in the equipment or ambient atmosphere* 

a. Principle of Operation. - The mass spectrometer 
principle is used in the detector, which registers the existence of 
helium within evacuated equipment under test, whew a stream of that gas 

is played externally upon an area containing a leak* 

i 

b. 23BB2SS& f'erts. ~ The heart of the apparatus l,s a 
portable mass spectrometer. Auxiliaries include principally a high 
speed vacuum pumping system (Par* 5-10) and a source of helium gas* 

c. Method of Use* - The leak detector may be considered 
as an ionization gage (Par* 6-3b (6)) modified so as to act as a "partial 
pressure gage% since, in effect, it measures the partial pressure due 

to heliuBi instead of the total gas pressure* It Is ed^uatod so as to 
analyse for mass 4, the helium ion* The equipment under test is con- * 
tinuously exhausted at high vacuum* Ambient air leaks in continuously 

* 

through any leaks which may exist, but this has no effect on the 
instrument reading* One operator plays a stream of helium system- 
atically over the surface of the equipment, and when the stream strikes 
a leak, helium penetrates into the apparatus and is swspt toward the 
vacuum pump. A small sample of this stream is bled continuously through 
the spectrometer tube, and when helium enters, its ions are deflected so 
as to strike the collector plate, producing a plate current reading which 
le noted by a second operator* The location of the leak is then de- 
%* T MfLr&& M fctie £oint currently being prob ed* The leak detector can 



analyse for aao pert of helium in 200 # 000| it car therefore detect a 
lock of on® laicron cubic foot per liour in v. i^rplml cascade oall« Ihe 
cmlleot detoctablo look is 0#01 nieron cubic f eot per hour* 1/uOOO of 
the total inlouk&f* can be do toe tod ac a single laak* The sis© of a 
dc too tod leak: can bo cstioatod witliin about fifty per eant« Accuracy 
down to f ivo por cent sdrfrt be obteincd if the necessary oarc rrero 
Justified by tho ncod* Tho prooanoo of Ulg or ty&rQ[p& fluoride in Hvo 
emou&ted tyvtm will dana^e the leak detector* so that eqt&mnent to bo 
tooted tut first bo thoroughly purnod* Over £00 of those instruments 
hftvt) been used at K-25 f primarily during the period when newly- installed 
equipment was beinr prepared end too tod for process use* 

G-5t Assay tfrohin o» - Tho purpose of the assay xoaohlno is to 
dote mine t)io isotypic oonpositian of the uraniita oontainod in prooeso 
pom saxaplee (App« D54)» A eanple instrument was developed at tho Nov 
York laboratory of tho Kellex Corporation and turned over to the (tenoj*il 
Floe trio Company to sarv* as a model for nonuCfeoturinf; additional 
mohinoa* A ooopemttro devolopnont pro cyan wis imdertaken by Kellex^ 
SAII Uibamtoriea of Colucbin University and tho Carbide and Carbon 
Chenloals Corpora tioru 

&• Prinoiplc of 0r>o ration* •» The inatruraant in an 

ii ii ■ ii « i > ■ i n i I i mmmi+mm m i 

adaptation of tho msa enectmaotor in wliich collector p la ton aro 
positioned to receive icai boojnc oorrospondinr to TJ 28 ^ (taue>o S50)# and 
U^ 3 *V|j (xauos 35S)^re0pootivoly» Bio ratio of the oorreopondin;; ion 
currents is auaourod by taoano of an electronic bridge pot<mtitaaetor« 
Tho Isotonic ansay of the sor^lo can be oocputot! by cooTWioXow of th5-c 
ratio wit3i that fraiz a standard sorivltf# At hi#i as soy ^lucu, tr*:< 



isotopio ratio my be determined directly f roct the ion-current tctLo 
vithout reference to a standard* 

b# Cocpoaeat Parte* • Bie assay mohluo consists of & 

trap slnll&r to that usod in the line recorder iff used* since in this 
intftrunant^ the UF fl noleeulec thoaoDolves are supplied to ttie spectrometer 
for ionian tion and analyses* 

e« Method of tfcs» * Two field laboratories* each obtaining 
two assay cachines, are located respectively at the top and bottom of the 
w^4w tAM OBLAMm Thev b.m used to dstemine the off ootdTsnese of sspawLtioM 

of IW56 and tWJSG, and to cheek overall plaxzt efficiency* Samples for 
assay are taken from a circulation loop in aeries witti tiie line reoorder 
Mm if old ^ the assev naohine is undassured bv the creaenoe of llrht rfes 
inpuritiafi in tiu? aasqple Jut the homf luoride onuaec gradual deterioration 
of the source* which suet be periodically replaced* ContoalnatiiLg ooolant* 
C 8 F 18» fa********* the assay deteraSnation since it forms an ion of 
bslss 581* which is of the sore order of aamitu&e as the ions to be 

detersdned* , the proa test aouroe of inaoouraoy in assay saoohine de» 
terminations is the "tmaory effect** tdiioh causes a Ide-osoay eacple to be 
erroneously reported when it intsediately follow a hi#i assay sesple. 
The error so indueod is less than ten per cent of the assay difference 

between successive saaplos* and is ninis&sod by ueo of calibration 

* » 

standards differing only sliffrtly free tho eacpectod process analyses. 
Standards aro usually emilable within five per cant of aiy mtoiown, go 
thct the assay mehinc should be accurate within 0 # 6 per Cent* the 



precision of repeated measurements is 0.6 par cent. fTiaary standards 
of calibration are not known with certainty closer than plus or minus 
three per cent; the results of low assay analysis are therefore relative. 
Using three operators for the two machines in each laboratory, seven 
minutes are required for assay determination from the start of sampling 
to the computation of results; At present, downtime for maintenance 
averages forty per cent of total operating time; continued improvement 
is expected in this situation as better techniques are developed. 

6-6. fission Oountor. - The fission method of isotopic analysis 
of uranium was proposed by the Columbia investigators. Dunning, Booth, 
and Von Orosse (App. D55)« for the development work at the SAM labor*-* 
tories (App. D56) a gram of radium was obtained on 19 November 1943* This 

a 

w /S used to prepare the source of neutrons needed for the test apparatuSj 
which was completed in Januaxy 1944* and shipped to the Clinton Engineer 
Works for use in the K-25 plant. As with the assay maohine, the purpose 
of the gas fission counter, the so-called "Little Gene ltod#l n , is to. 
analyse a sample of process gas so as to measure the concentration of 

« 

desired U-235 isotope. However, the fission counter is not used to 
analyse K-25 product) instead, two of these instruments are installed 
in the K-27 cascade for the purpose of measuring the amount of light 
Isotope remaining in the tails stream leaving the plant. 

a. Principle of Operation. - The method takes advantage 
of the tendency possessed by 0-235 attorn^ but not U-238 atoms*, to undergo 

0 

fission when bombarded by neutrons of proper kinetic energy, k spurt 
of positive ions resulting from an induced fission reaotion can be 
repelled by a high potential plate h grounded collector electrode. 
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ftiie In turn c&uaes a nonontr.ry flow of electric current fron tlio col* 
lector platp which* after suitable ers^ltf io^tion, oan he detected fend 

■ 

indicated by a laochcmioal counter* Since the nuabor of fission events 
per unit of tiiao will increase with tl>o oonocntrution of U-23C in the 
s&r^le, the nunbor of ion burets will be proportional to the iaotopic 
concentration which it I0 desired to moa*ure« 

b* Component 'arta» 

(1) Signal Can Stand* • The stationary stand (Plr;» 
10) consists of an outor block of load, and an inner layer of petrolattoa* 
A neutron source ic provided* oonsistinr; of one fjftti of radium mixed 
with beryl liua# Vie source asseribly fits into a hole in the lead bloc!: 
ad^aoont to a container for the fission chamber # A string tacthod is 
provided for lower in ~ or lifting it froni tho well without touching it* 
A quantity of hydrogenous material, such as luoite, is inserted into 
the well dirwetly over tho b euros* The fission chamber, or sirnal can 
proper, is mdo up of a f£U3 chamber, suitable electrodes, and a freote* 
out tube or ^snout** which naintainfl the pressure of the process fae 
sanple at a constant value equal to tho mpor pressure of Wq at the 
tespemture of an loo water bath placed around the tube* 3he top assexably 
of the ionising ohaxnber ©omelets of a block of lead and a block of luoite 
through which arc run thf? pao lino and electrical cannaotions to the 
f isalor, olAnbcr* Vtic praairplif lor box recto on a rubber mat or: top ef 
the sfcnfi. Finur© 19 shows a simplified crocc section of tiic si ;_jn&l 
oan anser&ly* The sinml can stand is fittod with four inchco of 
protective lead on the sides of the rudiurn poolcet* and two incliec oi 
lead at trv, ton Kid bottoiu Tin* inner l^ r er oP rjctrolfc/fcuxri server ae; a 



SAMPLING 
MANIFOLD 



FISSION 
CHAMBER, 



a. 

< 

i 

w 
oc 
a. 



AMPLIFIER 



LEVEL 
SETTER 



SCALER 



MECHANICAL 
COUNTER 
AND 

TIMER 



HIGH 
VOLTAGE 



LOW 
VOLTAGE 
SUPPLY 



m.2Q 



LITTLE GENE 

BLOCK DIAGRAM 



neutron rwlorator* Tn<> total roirht of *frc anecribly ic about 1GOO poutidc. 

(8) Electrical Axpciliftrlot:* ~ Figure £0 shows 

sch^t&tically tlv- nothod of connootin; thr prions electrical auxiliaries* 

A hi h &aln a 1 tenia tin r ourrent arplifier panel steps up the intensity 

of the fission pulses* A Level setter panel is provided to out out all 

electrical pulses bolovr a pacified volte-e level* Tho purpose o.P tiiifi 

accessory ic to allot/ only t-wsc pulses to register tthich arc/ duo to 

t 

fission (£hese are of a much higher voltarc levciy), cine© it is not 
desired to count pulses due to ordinary non-fission radioactive dooay* 
The ne*coES&ry hitfi and low voltage panels are uleo provided* 

(5) Socvlinr Circuit* - The purpose of the eoallnc 
circuit is to provide a nooris of soalin ~ do*2n, or dividing tho rate at 
ifriich pulses arc fed to tho aeehanioal counter, so that tho relatively 

* 

slot* tiro response of the counter will not limit the re to of pulse 
counting possible* Scale faotors of £» 4, 0, IC, 52, C4* find ISO an- 
available* 

(4) Conn tor and Tlrrr* The timer automatically 
cute off the scallur circuit when a project tir.o intend 1 has elapsed* 
A rather lar^e tlnr; Internal is required since* thr occurrence of fission 
ic a statistically randan ©vent* In practice, tho tiraor ordinarily is 
cot to cut off after a run of el^ht rdnutoe* 

(E) , Sarfflin;: tfcnifolfr Control Iftick* * Bile servos 
to introduce into tho si/ml can a process fas eaaplo froc tJ*& liix 
recorder ranifold^ or a standard sample for purposes of calibration* 
It is also used to ovamr-te th?> slr7U\l can* 

c* I'othod of Ueo» *• Bud fli'-rv-H ctvn elj&rfbor ifi evueuatcu 



to five nloPorw; or less, and thon cJiarppd trfLth prooocc gsks to a pressure 
of 13 to ID rdlliinotorc of oercury* A grt.ll nwount of the mtorial is 
frosen down in the snout, by touching with a thin slush of dry ioe and 
trichlore thy lone so as to produo© * pressure In the oon cf 17*6 nilli* 
motors. A thorooc flask of loo water is thon placed around the frosBQ* 
out tube* and the pressure in tho signal con is controlled to plus or 
minus 0*002 p*s*i*&« Heutrons are ceitted by tho beryllium of the 
source as a result of it© inooaaa n t borabardraent by alpha radiation frcci 
the radiueu The "velocity of these neutrono lo moderated, by pasna^e 
throu^i the petrolatitt* . to a mlue aul table for causing fiaolon in the 
atone borabarded within tho eanplo container* The counter 1b aot 
to sero # tl*o tlner adjusted for tho interval desired, tho aoale factor 
selected, and tho tlner started* Unless tho counter begins to register 
at about one to two oounto per second, it ia stoppod, and tho scale 
factor changed* do oountor is read aftor each of a aeries of el£it 
minute runs* Tho loe water bath is r euo wl after five runs* the voltage 
shirt off* and the signal can evacuated* Tiie instrument has an accuracy of 
about 0«5 per oent* Hij£i o<moentrationa of UF$ result in Ui& deposition 
of fissionable mterial on the internal surfaces of th*> oan* This 
deposit causes & "baofcfrouDd" signal which is nuporimposod upon the 
sifjaal boin^ counted * 15ia background ic tlierofcro checked regularly 
and applied &s a correction to all readings* 

G-7* Spaoe Recorder* * Tho problem of analysing tlw gas in tl>o 
purfje oasoado is oomplioated by tho fact tzv^t tho oataposition varice 
proatly frota one ond of this section to tiio ct2i©r bcteoen the linito 
of nearly pure ur&nSirc heaaif iuoridc and nearly pure nitrogen* The link 



recorder ic desl<7iod to analyse prooono ;fio containing relatively err. 11 
anoir>ts of irpurititiS^ To eu;>plettor;t ti;c una of th * line rooorder in 
i£ :o purf>? 0CiDotidc # it bacono necessary to d<m?lo ? an instrument which 
«hQ temrf tho "epaco recorder 1 ** Its purpose ia to five accurate 
indications of very Ion- iFg oonoontratlons to penoit oontrol of the 
rw-e rato f and to check lose of hlrji assay product to thf* carbon traps* 

a* irinotple of Operatloru ~ Druniui is a naturully 
radioactive element* Faoh of its throe isotopes undergoes radioactive 
dlein to nation at a spontaneous and distinct rate, on© result of which 
is tho czdsoion of hi^h energy alpha particles* If a sa&ple of process 
ras la adnittod to a test oharfear equipped for aoasuring the total rate 
of alptia partiolo anlsoiorx, tljo result obtained will depend on both the 
totel araount of urunluR contained in tho sanple, and Its relative 
distribution ancmf; tho throe natural iootopio forxast U<*234* U-C36, and 

The space rooorder effects a xDoasuretussit of totel alpha emission* 
and in order to oorrvart tills Quantity to a f i ( "Urt> which will express ttie 
ooriomtration of UTq in tfrio dilumt-wntelnin;- process stream, it is 
neoecaary to lucr^ tlio iso topic constitution, of the UTg proa ant* and the 
individual rate of radioactive dooay exhibitod by each isotope* The 
actual operation of the space rooordor th* raeasurexacat of total 

alpha ra-'^iatson) defends upvt; the principle* of pas ioriisation* ITir.h 
velocity alpha particleo eollldinr with *g raolocuios, iodise trie latter* 
ouuoitsr; thca to bocono positively char;*kl* Tiio ionc ecu: be repelled 
by a pocitivo :ri& and attmctod to a nertitivt; wire, where they beoono 
discharged by irJdnr U"> electrons Tho rcoult in a florr of electric 
oiirrcnfc fron th oollc^otor vrlrc which ic proporticnul to the nurjbor ccT 




Voltage From 
Power Supply 



kel Grid Wires 
Spaced /" 



V&cuum Tiqht 
P/ast/c (MFP-l6)Seal* 



und CircumPerenpe 
*rid C<aae 




To Pre- Amp. 
] ^—-^ Plastic Insulators 

G<3<s Out lei 



Coi/ector Plate o2S"4> 
Nickel Wire-Located 
Axial I y 

Nickel ^od Supports 



Nickel P/a/ed 
Steel Can 



Gas Inlet 



C<sn Diameter 12" Grid Cage Diameter 8" 
Can Length 24' Grid C<age Length 19" 

SPACE RECORDER 

Signs I Can 
Cans true t ion 




ions formed, and therefore, to the number of alnhs. particlne ©Tnittod by 
the uraniurs in the s&ryle. The ion current reading token fran the 
record in r instruraent ocai bo oanrcrted into per cent U»g ^resent in tfro 
t»6 sarnie by multiplying by a factor T»hich, for & fjiven ter^er&ture, is 
a function only of tte is o topic constitution of tho uraniuci in the 
process ras« It 1* intorostinr to note that the t*-£34 isotope pltyc e 
dominant role in determining this conversion fa<&or* twtirithfltkndin;; 
the. fact that It la present in the total uranium to such a relatively 
minor exten t 0«006 atom per cent In nornal food material ae 

a^ttinat 0,714 per cent for and &&*28 per cent for U-2S8)« Sila 

is principally to the fact that the radioactive deoay constant* for 
0*234 is about 2000 tiraes tfrat of and about 20,000 tines ttot 

of TWS38* Purtfcenaoro, at the top of the main cascade, or in th© puree 
cascade whore the space recorders are us*d 9 the uraniun is highly 
enriched in concentration of both Hub lijht isotopes. Thus D«*234, betne 
slightly lirhtor than U-2S5, trill enrich at least as sxuoh as the latter, 
durin- the course of its progress from the feed point to the top of tins 
cascade* As a result, the alplia particles ordtted by the U-234, sake up 
the to. at majority of all tho aloha mdiation present* Finally, the 
nus£>er of ionn produced per alpha particle oalttod hy 0-234, is of tho 
eainfl or^cr of magnitude as for the other isoto; ee, and in feet sorasKvhat 
rrenter: 136,030* 

b, Copponont Parte* 

^ ff Vff 1 * ■ C f t ; n * ~ ^ •1/7** i** 31 21) Is an 

ionization ohonber with an internal diancter of' twelve inoheu and an 

inside Icipth of trv/trntrr-four iuchee, T:qoc\\z:c of corrosiTO natures cf 



and the oonaoquont danger of ft hi~h background* &H raotal aurfacoa 
arc of nickel, one t specie. 1 f luorooarbon elastic (ITT'-IO*) is used ac 
an insulator* She collector wire, 0*025 inohoo in diameter, la mounted 

4 

alorif the axis of the can, and connects to the p ro xu apllf ler rotsited on 
the oover of tho oan, after pass in r through a vacuun tirht disk* This 
diek hao ten oonoontrio grooves out alortf its inner surface in order to 
increase tho eleotriocl leakage path* A grtA atruoturo oonaiatinn of a 
cylindrical case ei^ht inches in dias&ter end turonty^four inches in 
length ia noun tod concentrically with the collector wire* It ie amde 
of nickel acroen fornod frcaa 0,0031 inch diasooter wire, and haa a one 
Inch aesh spacing* The oan ia held at r*ouod potential* the oollootor 
wire at a few nil live Its, and the grid at eeverul hundred volte* Ihua 
all poaitive iona forned witfiin tho grid atruoturo are drawn to the 
central collector wire* All internal porta are attached to the cover of 
the alfnal can which ia rpaketod with an alwdnuci seal* 

(S) Aooeaaory itemo* • The collector current paeeee 
throuffr a pr#*>onpl if lor, thence to an output motor* and to a aingle 
point Leeds and Korthrup recording potcntioaetor* It ia equipped with 
alarm conteota and an extra elide wire for operation of a roxaote reoorder* 
Two a orles-oonnectod atylp] ion^e ea led pxaapo raise tiie pressure fron the 
proceaa etroon value of about 2 p*s v l*&** to 10 p*a*i*a* A rectifier 
and voltage roculator oro provided for naintaininc tho grid structure at 
a positive potential of eiiher 500 or 750 volte* A filter la alao 
included to oinlmiae fluctuations* 

o* ! y ctliod of tty* • two apaoo record ere arc pjwided in 
each of tlie t^iro* building of the purgo ouao^dc* An additiorsal slave 



rooorfler for each purr* buildlnr reproduces tho reading at tlw otmtral 
oontrcl roon# Sample io taken oonttauoi^ly from the lino recorder 
nanifold # eooproasod to 10 p*s«l#a ## passed through the lonlgutloii 
oharfeer* end returned to tho prooeos stream* Reading are recorded 
periodically* Hie accuracy of tlie space reoorder is on the ordar of 
fire per oent of the value reported* It can deteot the proeonoo of aol 
fractions of UPg in nitrogen or other j^ae mixtures as low as 10*^# Its 
upper llsdt is vet by tho radioactive contamination produced in the 
■Irrial can by hi fit eoncon tra tlone of umnlm hemfluoride* If tho 
instrument la cleaned frequently to uinlialso this baokfjromd effect, 
concentrations as hi^h ae 50 nol per oent can be frmdled* but. it is 
' noraally ueod only an gas saaples containing low percentages of Wq 9 

m 

Voder favorable conditions (low backcrotwl and high assay of U-255 
isotope)* toe epaoe recorder can detect one pert of UPg in 10»000 f 000« 

(MJ# Thermal Conductance Cell* ~ Die therml conductance cell 
le another device for aeaauring the azaount of light oonponente in 
tdxturot of QFg« nitrogen, and cocy&xi* Tho mite were designed and 

# 

conetructod by the Kellex Corporation They arc of relatively sliaple 
and in«peneive^*i^r^f/«»rt - 

a* Principle of Operation » - The thozual conductance cell 
is based upon tho principle that an eleotrio current passing throu^ a 
wire inorcaees its tecpomturo, and that the dlffcraaoc in tempera turo 

■ 

botwoon tiie wire and the surrounding it reaches an equilibrium value 
which is dependent on tho nature (and therefore the percentage cooto~ 
sit ion) of tho eos# Since electrical rosistzmoc of tho wire is a function 
of ito tenpemture, nnoourcnent of this roaintnnce by jao&ue of a l7hoaf>» 



cton# bridge arran^nent r-ivos an Indication of the teqporatta 4 © of tho 
wire, and tlicrcforo of tho concentration of li^vt dlluantn in tho pro case 

#U>* 

b* C ocwmt t ^ > ^ c * ~ Hio therml oonduotanoe oeil (Fig* 
22) is o one true tod fron a cylindrical block of Lionel metal three inches 
in diameter by oirht inches lon^ with two holes drilled for insertion of 
wire f ilamnte* Tho cavity containing the shorter filament* -which io 
used as a compensator* is saalod off with air At atmospheric pressure* 
A dotible seal is provided for tho second filaomt *hioh is enclosed in 
the process #ts to be analysed* P lactic seals aro used* and held in 
place by brass rin/ra* These serve the double purpoao of fomain- a vacuum 
tipjht connection* and electrically insul&tinf: the fHasaonts from the 
metal block* The ooll block is imported in a bearing bronfe support 
which neasures three inches in outer diameter and 8-l/j inches in length* 
and contains four holes for cartridge heaters and a oorcury thermostat* 
Tho other elootrioal bridge connections are also oountod on the ooll 
block* Thay are mde of Man nan In wire wound on bake lit 3 spools* B>o 
unit has a protective cylindrical ocver, and is thexmlly insulated with 
85 per cent aagnosia pipe oovorlnr m to rial* A so lf-ba lancing potcntio- 
latter ie used to measure bridge unbalance* in conjunction with a Leeds 
and KortJirup 1'icroBoax strip chart recorder* 

o* Method of Use* *• Tho theraal conductance cell is uaod 
to nonitor tho purr© rate in a nonoul buildinr which is uaod as a top 
pur^e building durinr * s^lit cascade condition* A iacnlo of process pae 
in fed continuously through the unit* and an automatic reading ic printed 
periodically on the novinr, o!iart* Lie inctruncnt hoc an aocurucy 



reproducibility of one nol nor oont« Xlhen properly oa libra tod # it can 
be used J oo distinguish bctvoon any trco components* or groups of eoinponeats 
with widely different theraal conductivity* Cells in uoo are o&librutod 
for HPg vn. axpzeatxittoc&i mixture* Tho usual renro of the instrument 
1b frota 0 to 100 per cent of diluents* with an accuracy of ono tool per 
cent throughout the mn,^e» The relative error involvod ia therefore 

Acoustic Che Analyser* • The function of the acoustic f^s 
analyser* which is used in the puree cascade* ie to detemdne* indicate* 

■ 

and record the volucwtrlc concentration of light diluents In the piooass 
stream* end to actuate a control noohanion ao as to prevent overloading 
of the pur f^o eells because of increased UPg oonoentration in the prooese 
etroam being fed to a purr© building f ttie instnsatmt wee first invos ti- 
nted by tho Eelleac Corporation! later development and mnufacturo were 
handled by tlie General E loo trio Cotqputy* 

a* Principle of Operation* - the natural frequency of an 
aoouetio resonator is a function of the ohysioal properties of the ras 

oontalned within tho reaonatinr ohejaber* Visualising- a cylinder with 

* 

a metallic diaphra^i at each end* it is possible to oeolte ono of the 
diaphram by xooans of an adjacent alternating current eleo tromagno t« 
Vibration of tiiis diaphragm will then sot ir> sound waves whioh travel 
alonf the cylinder and set the second dlaphmfia in motion* This 
diaphmpja oaa then be nade to induce a voltane in a second electro** 
oapnetlc coll placed adjacent to it* The sound intensity* and hence 
tlie voltage induced In tho second coil* is create e t at the natural 
frequency of rooonancc of tlie dhajftrr* TJhea tho roooiwr and drivor 

* 
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coils are connected rvvpc ctlvcly to the Input and output terminals of 
an electric arulif iex** tin- coronation, u'ider proper conditions bee oe»£ 
eolf-oscill^tinr at "Hit) natwul frequency cf resonance of *Utr> rue 
ooluxi* 

k» Component I 'arts* 

(1) Prirtiry 'El fl pgnt^ • iToferrinc to Figure 23, tho 
prirnry ele-.oiit consists of & resonance tube oont&ininf; a diaphrufis at 
each end* Behind each dlaphjT.-m # there is providod an elcetromrTietlc 
pole structure* Bio oloo t r om rnot ooils are knoian as the "driver coil" 

* 

and "receiver coll*^ respectively* The diaphra/ric arc iaa?yxotiaaUy 
oounled to H\o pole structures* anr! between each diftphrajTa and its pole 
tip there 1b plaoed a ri^id isolating plate which oanfinec the gas 
mixture to the resonance cl«ni>er and the scull space bctofoen tho dia- 
phragm and isolating plate* One dlanhrarn is excited eleotrom T-ctically 
by the driver coll, and is cau&ea to send out sound waves which travel 
through 1£io cylindrical ohamber eontairJLnr tho p&s to bo analysed* 
strike the second diaphragm, toi cause It to vibrato, The vibration of 
this second' ncisbranc then Induooc a volta in tfee receiver ooil* Tiw 
townerature of the fas sdxture In t!v resonance tube is controlled by 
a heater and therraoetat # which ferns mrt of the primary clenant* She 
heat exchanger conflicts of oovor&l turns of tubing cnboddod in an 
alurdnun shell oat>t around th^ resonance cvllndor* 

(2) Accessory I 'arte » - 7no oleotric signal produced 
in tho receiver coil is sent to a jnodulr.tor whieh also receives u 
standard reference frequency si^al fror:: t tuninr fort: oaoillatar* Bkj 
difference:'* i r i these- tv/> frequaiioier- rwtaocir th-rouT^ tiodulf.t&r* through 



a filter* and iSirouph a v&ouun tube frequency doubler* ami ie then fed 
into a frequency motor itftlch prc&ucorj a direct current volt&£e pro* 
portional to the difference In f requeue lis* This volta^ then actuates 
el Leeda and NortSirup reoordin^ controller* Alteram tln.r current line 
volta?*e to the power eup;>ly unit Is held constant by a voltafc regulator* 

o» Ilethod of t-ae» *• The fejk mixture Is continuously 
•aiapled at a point bolxnsr the bottosi eell of th^ pur *e building* and fed 
to the resonance tube of the primary elerwmtt Hie syster^eoneistin^ 
of the nriwtry element and amplifier* oetc up en oscillating sifjjal at 

■ 

the natural frequency of the p^s chancer. Kit a ie dependent upon the 
composition of the tret a&B« She controllers-actuating voltaic ic 
proportional to tin? difference between this froqusnoy and the frequency 
of the standard signal* Tito aoouctic analyser ie connected to re; ulatc 
pn-mmatimlly the sotting of a control valve located In the line carrying 
purged ru^es free* the to*;* eell of the building to the VPq txnptt* It 
thus eontrclfl the purre rate at a nroper value dependent upon tho 
concentration of present in th'~ rac supplied fa the building. R» 
trie trw&on t is aloo oomected to sot off an a'iaru Glrpal^lf ttio vuluo of 
the diluent concentration ahould reach a point outside a specified 
rbnrom The instarun^nt entirely eutomtlc f bus a rapid rato of responcc 
ant' presents an analytical result vfoich ic practically independent of 
rue proaoure* A lypioal rar^c for the aoourtio analyser t/oulo bo 0 to 
20 per cent of lifht dilumta* but t ; *e nan^o can be changed vfiion deeirod* 

The instrument pOBBeesoe en accuracy of 1 volumetric per oent # and ie 
CcnaitJw to eon centra tier i otanpioe in thv .rnp mixture of 0#R per cent 

or rcr£. « 



6~10« IT Anafc^ccr* - The- Rssaouroncnt of hydro/ton fluoride 
concentration prevccuta special difficulties because of its corrocivc 
nature* ^enrcrul spool&l Ins traoon te v/urt studied fur thic ap; Iia.tlo;; f 
the viscosity bridfr*? typo belnr scloat<*l ac cost suitable fr^ar the point 
of view of oonnlexity, cost, personnel ant 1 Maintenance requirexaont, anc 
tici© iao 

a* Principle of Operation* The viscosity brid{%J ic 
analogue to the electrical V Cheats tone bridr«« Lcn<~ m*tai o&plllciriee 
arc used ae tho four resistances, process sarnie tmtcrin^ one cad of 
iho bridn© &t hipjh proaaurc (6 p*s*i*a*), passing through two parallel 
pairs of "resistors", end bcinf evacuated through tanaps to the atrosphorc* 
A differential pressure transmitter and recorder is connected between, 
tddpointa of th.; bridrc arras to indicate unbalance* A ohezdoal trap, 
eontaininr sodium f luorlde to r enov o the nr f is ineertod between thr 
two canillariet? of on© branch. Fnio results in a dirdnished floxr 
through tho second lor of that branolx* and unbalancing of the brid^* 
The do/pre© of unbalance is an Indication of TP' eonoentmtiou* 

b* Comonait Parts* m Four capillary le^s and tlit. 
differential pressure transmitter ami aodiun fluoride trap forti the 
instmtaeni proper* A conventional r^ir-* tie recording inotruocrrt ic 
usod to proo^nt analyses in prt;p!:ic fena* A vaouur, pir*- v/ith a*, 
accessory trap io also r.eoocsary* 

c* Ixthod of liac* - Tug viscosity bridr>- in- an&lys?.T ic 
a soni«*portfcble inctruroent* principally used to monitor the oacoudc for 
EF upf lot?* Itotel sariplc flow ie Maintained at 600 cubic oontinctcr: 
par rAnuto* She urn; of thr. instrunc^t ift liritod tc pojr.tc whoiv 



fluorine and TTFg conoontretiorin arc low, since thooc substances are alno 
absorbed by the sodiun fluoride trap* JLlao* the presence a? U! c trill 
frltor r^s viscosity* and tfjereforc t!i*. n*te of flow throurh the oaj illtiry 
ktogi Bile will effect the calibration of the Instrument* The eodlun 
fluoride? la channel about twice a vook, Hit; viscosity brid[-e r/ill 
reoord to tea per cent hydro p^n fluoride with a relative accuracy of 
about 0*3 por oont* The puses are emou&tod to tin* at2aoe;horc after 
paeeinf through a coda liao trap which abeort>e Mio hydrogen fluoride in 
order to protect tho purap* 

(WL1 * Traoe Indloatorc, - Tr&oe indicators aro used to dotoot 
extreiaely low ooao eatru 1 i ono of UF^ in tlio atenoaphero* in carbon trap 
effluents, In seal exhaust linos, and in pur^od or evacuated colic* 
Thoir principal purposes arc to prevent loss of UFg and contamination 
of nua?inf; equipment* as well as to mm of hasardous traces of ux^nltEa 
in tho air* Throe types of truce indicator* laavo boon used in tho plant* 

a* Prlnolplo of Operation* ~ Trace indicators function 
by exposing ohenieal rea^ente to tho raa strean to bo tested* Tho 
presence of TFg ifi disclosed by a characteristic coloration* 

b* Comonent Parts* - The crystal type involves the use 
of salicylic acid crystals* the paper type utilises a piece of filter 
paper (sonotUaos carryinn & drop of oil), trtdoh absorb© uranlun oot>- 
poundo* The automatic type mkee use of a novin~ tape of fiitor paper 
ix.prejTUited with potaooim f errocyonido through tihioh a bean of li;:kt 
ic allowed to pass before strl!:lnf; and actuating a photoooll* 

o* rothofl cf Ugo« *- Tn th : o^eo cf the salicylic acid 
t2r>c> tVio eryatclfi arc rcrovc<3 arid eoixjared with oolor etusdurda after 



erpoBuro to a knom flow rcto of fUB for pro-dctemlned time interval* 

It in suitable for the? dotootion of CF„ concentrations below ttiroe narta 

0 

per Billion. The plain f liter paper type is gIkkjItcx! periodically by 
tree toon t with potassium f crrocyanide which produces a character! ctio 
oclor« Thie Is than oanparod with color standardo. The automatic truoo 
indicator indicates pan concentration continuously by taoonfi of tho 
photocell Bicroasrcoter* It my also be vised to sound an alaro^lf the 
concentration becoxaos hasardous* Tho f imt tw) typos are *emi~ 
quantitative! tho auton&tlc type Is continuous and quantitative^ One 
part of UTg In 100*000,000 parts of air produce a SO nor cent scale 
deflection In tho output motor* 

6-12 • InfrtM^tod Absorption Ifetor* • T5» Infra-red absorption 
motor Is a portable leak detector of epeolal design* used for locating 
leaks of CgF^g In coolant lines* dittos, and process coolers* It ms 
developed by Eg Ilex and mnufaoturod by Balrd Associates* 

a* Principle of Operation* • Perf luorodinotlylcyclohaaEaio 
trtll absorb certain *avelenrt3ia in the infra^-ced region* If an infra* 
rod bean is pascod through a test gets cl^nber and fooused on a theruo- 

■ 

wrtm* f th*> temperature indicated trill bo dependent upon the aroint of 
infra-red radiation reaohinn the themorooier, and therefore upon the 
anount of $(^16 ^ thc oharibor* Howwor* i* a lithium fluoride filter 
Is also placed in tho pcth of th* boer^ tlio infra-red radiation \A11 
bo entirely absorbod* and tl*e therxaozaotor tci^>eruturo will bo is-ado- 
pendent of tho CgF^g oono ontra tion in the chamber* 

b« Ccj jR ynocit T-'artc* - Tho equlpnont oonslets of a source 
of infr&-rod radirition, c xaoacurin;- cliar.bor, c. pun;># a 15thiur:; fluoride 



filter* and two "bolocDtoro" or oleotric rocietanco thoraoneterc* 

o # Motfrofl of t/oo» UrJLito tho look doteotcr doccrlbeti 
pr»rloufily f tiio infnv^s-ed abcorption no tor ocji bo applied vdtixout inter- 
rupting normal operation of* tho ooolant cyetoia« Air oanploo fron the 
vloinitr; of auepooted ooolant Xpula> aro pucpoc* tluwirJ-i a test olficiber, and 
teo Infra-rod bewmu froc: a corraon oouroo aro pa&ood throq^ tho o!i&nbcr f 
ozk3 of vkioh la aloe paueod throurj* a lltiiiuti f luorldo filter* Biua* 
tiw Intensity of infm-^rod radiation atrikinr tho f irot bolometer l£ 
dependent upon tho concentration of C G Fjg in tlx? ehaisbor* trtxllo teat of 
tee second is not 9 !he tec toons arc foouood* respectively* on each of a 
pair of bolanetere ooxneoted into & V/haateteno bridge circuit* A 
difference in tecperoturo betewon tlio too thoraoaetero resulte froti the 
dlfferonoo in intensity of ixnpln^tnc Infra-rod radiation, and oauoes a 
dlfferonoo in ©leotrioal reeiatenoe* Determination of unbalance of tho 
bridge circuit provider & *©aeuro of tec dlfforonoo in rocletunoo of tiic 
tec bolc&oetero, and therefore of tho concentration of CgF^ in the 
ahcusb®r« Iho infra-red absorption raster in capable of detecting tho 
present*) of four parte of CqPjq per million* 

G~12« Povr Point Booordor* - D*a dew point reocrdor is do3ij^i>d te 

tto&lter ths parlous plant euppllec of dry air and nitroppn* and to wxm 

* 

of exoeocivo aumsite of venter vapor in tho f^a* Xrustellatlon of ouch 
an inotrtnemt at K-25 1c planned, (dovelopnoni and lubrication bcinc 
handled by Qarbido), with euit&blo ?clvin;; for oar^lina fron apy ono 
©T tho eupply heodorc carrying teo above nurxxl oubctonoes* 

a # Fvinolpl^ of Oporation» - A boar: of 11 ^t in r of looted 

r 

fron a cold n£rror« Condense. t ion or: tho rdrror faou din; t-so intoasi^r 



of tho rofloctoS "beam* *^eurcoant of tike mirror ter^cruturo reouirod 
to prevent dirr-inr of the reflected ray provider v.n indention of thr 
&cxr point. 

b# Component Parte* - The apparatus* includoc a ^laon- 
v/indowed tout ohcuubcr oontaininr a toirror oor.tinuoualy cooled b/ a 
rcfrlrc?mnt eyetoia* A source of li lit 1b provided, and a nhotoocll 
connected to an eloctrias.1 brid^o circuit* which in turn actuates an 
oleotrio heater for the B&rror* A theroooouolo Is info odd ed in the 
mirror and connected to a continuouc recorder* Ko puran is required for 
the toot ms, eince the) air and nitrogen lines aro under preooure. 

0« Ifethod of Pgo» - The eanple of* ^ec to be checked 

i 

paaoec through the teat clauabor and ic tJ^on exhausted to the ataoflphorc* 
Tho photocell, t/iiioh ic actuated by the intensity of ref loctod lipjit 
from the nirror, unbalances tfoe bridro circuit when condensation tends 
to decrease the intend^ of tho reflected bean* Thie caueca the 
electric heater to raiee tlx* lairror tcsqporaturc , and maintain it at the 
dew point. Tiiis nlrror tcsnperuturc (i.e., tho dovr point for the pac 
under toet) ic detected by the thortiooouple and continuously recorded* 

G-14« Difffircntial Prosotyo Indicator. • The purr>oce of this 
device ic to measure tlie flaw of eoalant nitro.^cn pao to tho process 
purn scale. Wig extremely acull f lot? involvcx? rude it neoesc&ry to 
eerier a near tr.^pe of instjrtxrnent developed ocr^ociclly for tlile service 
by the rionon-l l loctric Co&jany. T5jg inBtrumont ic a cori)iiiation flow 
eXenent and differential proGsure tmnanlttcr. (General doeifn principles 
of differential precBuru indication, recording and controlling deviooc 
arc" dirictuioot.! iu Volm.: 5. Ihic parurraph treats ir. particular of th r ; 
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cpooific r.n:jlio; t5^n of *?;c electric: diff «ront.lRl r >roncur<: ind*oatorj 
which ic a isor« elaborate r-nd spccic.lifiod instrument, *~ c' rcproacntc 
tho o:ijod:lr,oat o** a ei^ if leant Instrument ron (3f.ro! » prograia* 

a« Principle of Opgration» •» The differential pressure 
indicator dctcrsiiucc thu f lovr of pae 'by electrically noaaurinr the 
differential naa pressure eoroas en orifioo of Imosri dinonslcns* 
Variation of tho differential proaewe ic oonvert-d* tjy Ejoonc of a 
bellow ari^reaentj to noveraent of the iron core of an oleetroinafTiet* 
thereby inducing volta^ chants tjhioh aro a function of tho differential 
prcscuro, anfl therefore of tlio rue flar; to be noacured* 

b* Corp an eat Parts* 

(1) ?neu»tict • ttuforrinr; to Fipurc 24, a SG inch 
capillary tube, with an internal dionoter one fifth that' of th ^ac linoj 
is inserted in the nitro^cm pining supplying- sealant to the putip coal* 

A tap riaur the ontatuioe to Hio capillary is connected to a chanter* 
under tho done of Which ic Horafeni a phosphor brocato bollowc* Another 
tep* loo&tod at a ^oint in the ooulant piping just dovtiatrean fron tlio 
capillary tube, is connected to thv cp&ce enclosed by the bellows* 
Rigidly attached to th© bellows io an iron plunger in the? fom of a 
split tuSo xAtik, a cli'ht ccilarr^JHwrit at the* center* 

(2) Eloctrioul* - She p linger ooiq? lotos tho miotic 
circuit a throo-lo^ ed larJLnat?*! m -netio-tllqy structure* Two 
encrficiaf coilo* «xcitod by a GO-oyolo pawr oourcti, aro counted on 
t!;o tvTo outer l©r*n# and a pickup coil ia mounted on tho center lop* 

An anplifier io provided Tor stc^pin; m the induood T£>lta f v # : Centrally 
located oz\ t2u cnoratin ~ 1 c*" Hv- control \tlit is an indicating 



wtttewtexs Suitable electrical paneiu, anc! cv&tchin:-- facilities, and 
an alc-rt. system arc also provided* 

e* Mothod of Use* • A olionrx* in the £fu> f lorr rate oauaen 
c. corresponding ohanpe in t3i# pressure drop across the capillary tube* 
Ihio ie equivuleat to a cl*Wftf in tho differential hollows pressure, 
and results In raovencnt of the bellowe and! plxmf^er* ration cf the 
plunder dieturbc the bale no . cf tlic rogue tic circuit* A volt*i< c tfcero- 
fore appears across the pickup coil which is proportional to the bellows 
mownont* The net induced volta-e in the pickup coil in increased by 
aii amplifier to a value suitable for operating an a lam aystofci which 
would sound, for cxorplo* in th* o&se of & process purp seal failure* ( 
Hie output rattaootcr is calibrated in pounds per square inch with a 0 
to 100 scale. A socio switch pernits adjustoent of the scale factor at 
0*002, 0*004, 0*01* or 0*02* One differential pressure indicator is 
provided for akch prooosc coll* A ts^lw-pooitlon srdtch is used to 
connect tho diffsrential pressure indicator to the seal of any one of 
the twelve cell pusps* In this miy # the ooll can be "scanned 11 urvtSl 
\he faulty seal is located* The capillary f low elexaeat acta as a ohokc 
in case of a seal failuro, to restrict th« flow of nitro/wn to a broken 
seel* and proTvent the failure of other reals* The ©uplllciry by-pacc 
valve shown in the figure can be oponod when it is do^irod tc choc!: tho 
zero position of the bellow:;* Twelve? potontlonc-berE' set tho instrun^nt 
sere respectively for each trar-oforaor pickup ooll* and corr>or*sato for 
residual piclrup volte re; duo to diTjoynnctry of the jrumctic circuits at 
sero pan fltxr* 



GHCTION 7 - . ILOT FLANT DEVM0PKENT 



7-1* Introduction, - This section presents a description of the 
various pilot plant units which were built for studying and developing 
the operating process! a; d for carrying out basic research into the 
types and arrangements of process equipment which would be suitable for 
use at the K-25 plant, A number of special mechanical test loops were 
also set up and operated solely for testing individual pieces of equip- 
ment such as pumps, seals, and cold traps* Since these served the 
purpose of facilitating decisions involved in the design and manufacture 
of mechanical equipment, and involved no specialised process research, 
description of these test loops is reserved for Volume 3, Section 5. A 
10-etage test cascade was also sot up at the Test Floor of the Keller 
Jersey City Laboratory, for the purpose of checking the soundness of 
certain portions of the K-25 design. It cannot be called a pilot plant 
in the strict sense of the word, since it was not a prototype install- 
ation operated to obtain data on which to base the process design of 
the full scale plant. Description of the 10-stage cascade is there- 
fore also reserved for Volume 3* n a count is presented in Volume 5 
of the preliminary operation of one of the process buildings as a 

"54 sUge pilot plant"* 

7_2. ^nfi« Stage Separation Systems. - The first successful 

separation of the "uranium isotopes by the gaseous diffusion mothod was 

accomplished at Columbia University in January 1942 (App. D4l)» j 

DELETED — - 

Isotonic anolysie of the 

initial diffused fraction, and ol the iinal undifiuaed residue, ehoaed 



changes in concentration of the light isotope ranging froze 0.6 to l»f 
per cent , results whioh were in reasonable agreement with theoretical 
predictions* Improved separation systems of the sane general type were 
subsequently constructed (App* D42) and operated in order to obtain 
further tests of the theory and to measure the separation performance 
of the various barriers* One such separating system is the "high out 
tester * described in detail in a technical report (App* D45)* These 
system* were aleo used to calibrate various barrier testing procedures* 

* 

7«3+ Pilot Plant Mo* 1* • As a further Mans of obtaining data 
on barrier efficiency, and to evaluate the performance to be expected 
front the gaseous diffusion production plant, several pilot plants have 
been constructed and operated at Columbia University* These pilot plants 
were designed to utilise a minimum cf fas, and the barrier areas were 
therefore very small* The first of these, called Pilot Plant Fe* 1 
(App. CI 7 thru C20), utilised a barrier area about the sise of a niokeli 
it was operated initially in Ootober 1942* Originally located in the 
Fupin Laboratory of Coluabie University, it was later transferred to 
the Rash Laboratories of the Xells* Corporation* The unit consisted ef 
twelve sylphon- sealed ptsnps (App. MS), mounted in two opposing rows of 
six and operated frca one crank shaft* It was arranged as a twelve 
sts£* cascade for total reflux with an expected Isotope separation cf 
about five per cent* In operation, the systen was first evacuated and 
tested for air leaks* Pluorine was then admitted to about one atmosphere 
pressure and allowed to remain in the plant overnight in order to fluori- 
nate or condition the surface area* The fluorine was then removed and 
process fas admitted* fthen the experiment was completed, sample* w^re 



rowovod from -i-he top and bottom Tenormin for analyoia* F:quillbrium 

cotabllahnd after about fifteen hours* Tha plant opsratod suooese~ 
fully for continuous ooriodc ao Ion, .as two hurxlrod houre* and tlie total 
time of operation exooedod thirty^ttTO hundred hours* Reeulto wrc ob- 
tained porta ininn to enoood© behavior with A, DA* and '3 'jarriare (App* 
,1^4)* ovrr a r;ido wn -c of znixliv and floer conditions* p resource, and 
prooauro differential** It a loo oorvod ao a noons of toatinr inctruoente 
and other equipoant for handling prooooo pae* and furnlahod i&luable 
operational experience* Tho thon obeolosoont plant uae retired late In 
1944* after It had oenrod tlx© naln purpose for t&ioh It had boon oan~ 
•truotod* 

7-4* ftllot loot flo* 2* - Piano and doal^a for Pilot riant Co* 2 
re initiated la Deoenber 1D42 # but booau»e of unavoidable oonotructiaa 
delay* thl« plant wa not ploood In operation witli process roe wtll 
10 ?tiy 1944* Hie plant tab a six ata-e total reflia oaaoado usinr 
roolprooatin/: ptrpo of 23 oublo foot per dnuto diaplaoooant (App* D45* 
C21* 022)* typo A* BA t and V*7I barriere srore installed containing tiirae 
aqu&re foot of area* DELETED ^ 

Complete inetmoontatlon for autocntio control t&s provided nut mnml 
operation wm ale^poaslblo* 3i0 equilibrium tine ma a few tdnuteo* 
Thie etr etare cascade prMoaitou tlw f irot o virtual ty to study tho 
ncrfomtnoo of barriere* Lncttfurcnto* and control tndor conditions ar>- 
preaching thoeu anticipated in tlie lor o coalo production plant* Jkny 

toots wore run on process 'ac* and tSsc plant hao aloo furniehod aepo- 

t 

ration data for nirturro of nitrorcn ant! nroccco poo* ITjaoc cKporintmtc 

■ 

v*?ro r>crfornoO in Oi*d(*r to otufiy Lr?< bol&ijvior or nuuc Dpoctrot.'jctc;r& 



applied to the oentiauous nethod of analysis proposed for use in the 
via 1b gas diffusion plant • 

a* Expansion of Pilot Plant* - In Movsaber 1M4, Pilot 
Plant Ko» 2 was expanded frow six to ton stages, ths purposs bain* to 
inoroass the total soparatlon of proeaas gas to about thros per osnt of 
ths lifht isotope and thus improve the precision of eauple analysis. At 
the satse tine, provision was Hade for ths use of diffuser tubes of 
standard plant length (a even fast) instead of the shorter ones previously 
used, Arrangements were also nade to food preoess gas into the plant at 
various rates up to 600 pounds per day, and to withdraw enriohed material 
for reaearoh problema in the laboratories v 

DELETED 

j In February 



1946, the plant was dismantled and shipped to Oak Xidge, Tennessee* 

7-E, Pilot Plant E,o, 8* - This plant was originally planned by 
M, W. Kellogg engineers under OSRD oontraot, for their laboratory in 
Jersey City, low Jersey, However, In the late euamsr of 1948, under 
Manhattan Dlstriot supervision, it was decided at a joint Meting of 
Kellex and 8AM representatives (App. D92) that ereotion and operation 



would bo the responsibility of the SAM Laboratories personnel working 
in the Nash Building* However, Kellex designed the plant, prooured the 

equipment, and supervised oanstruotion, Westinghouse gas bearing blowers 

*• 

were to be used In a ten stage system whioh was to be sisdlar to Sections 
6 and 6 of ths main gas diffusion plant. As originally designed (/pp. 
D12), prooess gas of 86.6 per oent eonoentration of light isotope 



to enter Seotion l $ end, after prooescing, the enriohed muter lal was tc 



leave ftt a concentration of £7.9 per cent. Section C received the 
letter material and raiecd the concentration to 90 per oent #( which wtic 
the oenoentration of the flnftl prodaot of the plant ee then envlaaced* 

An erentuftlly built ftt tht BAK Lftborfttorloe, mo it of th* Kellex deaign 
*** uaed, but only eight etftfee were inoludwd* In ftoeordanee with the 
or if in ill Kellex plant, duasny dlffueera, and atcel piping and valvee were 
to be incorporated in the plant, ee it wee not intended to operate with 
prooeee pa* buty with the fluorooarbon, normal perfluorotoptitne (C^Fjg). 
When experiaenta with the originally designed pilot plant were OQRpleted t 
it wae intended that alteration* would be atade ao that prooeea gas and 
diffusing barrier a oould be introduced. Ac far ee poasiblc, equipment 
waa ohoaen ao that the eonwerftion oould be made roftdily* In aooordanoe 
with theae deoieiona, it haft become ouatoaary to deaifnate the orifinftl 
plant a* No SA and the revieed plant aa Ko# SB* 

ft* Operation with Pluorooarbon - Pilot Plant Wo. SA» - 
Difficulty in getting the apeoial equipment for the plant (App. C25 A C24) 
delayed it* oonpletioc, and the firat fiwe at ago a wer* not plaoed in 
operetion until 16 June 1944. The full plnnt with inter aeetionftl 
coupling etagee and automatic control wee firat operated en 12 July of 
the fcww yetur« rhe eaaoade wee operated with C ? Kj 6 for ft total time of 
288 houre (App« IXC), and during thi a period veritm! diaturbanoes, or 
eudden changes 0 in prooeaa preaaure and flow were introduced in order 
to atudy the effect a produced* Both Manuel and ftutoaatie oontrola were 
uaed, end ftt ftll tiawc the plant wat found to be hydrodynft&loally 
atable (App* D47)* There were no ecrioue meehftnioftl or eleotriofcl 
difficulties in the eaaoade operation of the ten fas bearing blower*. 



Tbo inftohanloal behavior of t!w preeotn-a trnnainittlnr and control ayotcs 
ma alao fowd to be aatlsffeoteiy* ^mium testing eub«*aeenft>llee were 
alao atndiud end found wy doeirahle aa a moona of epeedins 19 final 
tea tine prooedurM without delaying eona truotlorx* Iho neoeealty for 
developing epeoial voiding teobnlquee ma danonatratedj it ma deterainod 
f that # on the av*i*£a # twenty looks ar^e preeent In 1000 faat of etendard 
quality welda* hothoda ware developed for oonatruottn^ ^ooum tl^it 
ooolara by all»iir«aoldorlng tha tufrea to tho tuba aheete* It ma further 



atmted that by uelng saterlale with propor danelty flow 



ohanuvberietioa, neohaoloal joints oould ba mde # whloh would raaaln 
vaeuua tlfht for reaeonablo perloda* 

b* Operation with Proooo* a*a m Pilot Plant Sa» 83 » - 
dlatoly upon oomplettaa of tha testa outlined for rilot Plant 5A* tha 
negeaeaty oonveralon front rilot Plant Ho* Zk to 8B ma nade (App* C25* 
C26)« lAek of aultabla tutorial for dlffuaera, which wore than a till in 
tha research etoge # dslayed oonnlete opetatloix, but aa^arlnanto with 
nitrogen and proeeas gna in tho abeeno© of diffusara ware nada dialing 
the latter part of 1344* Ihaaa studies parw useful information on tha 

v v ■ 

eonatnptlon of proeoaa 0x9$ and on blcwor opemtion in tho prsaeno* of 
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7^ D<m 

- ~ tfs) 

eptataber 1945 t. uiltisod blower # diffuse* t and ooolor of SAT doaign woe 



oondltioned for testing During th^ tee tin r-, however* leakage diffl- 
oultlee were anoouutorod and few roaulta oould bo oi t&lned* f ) 

! 

DELETED 
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7*6# Stable 3farro Btoww By*teqg» * An additional eaperlmcnt 
onduotod at tho fiAK Laboratorlei to pain Information on produot 
porfarronoe uelng tho a Ingle 84*:-* bloww ayatea* f 



DELETED 

I Condition* of 



proasura, out, velocity of proooot fpa f and valuo of gagrnold'a au 



wore dhoocn to alnulate a flection 1 etof* of the sain production plant* 
Bile ayoban wlo put Into operation on & Juno 1944* and, ossoept for 
ttozaant&ry elrutdowne eauaod by temporary po*»r falluree* ma oontlnuod 
tntil 18 July for a total operating time of rtbout alx weoka# The cat* 



perinante rave lessor iant Infonmtlon ori blower bohavlor, on fc-io oorro* 
a 2 on of ratal parte oxpoaod to prooeao ua (A;?p # D48) # find ou the 
plu^-in.r rota of barriers uader production plant oondltlona (App* D49)# 
Several other oucft eyotono wore aleo studied uolnn different type pt»pa# 
Very little oorroeicm was found in tho blower, and thero wue no ©videnoe 
of MpJi f*LO voloolty eroelon. rfie nrrformnoo of the tubular dlffueere 
at -O^t JiTSrodynatilc' conditions uxe eaetw*-ly eutiafiaotoryi tho dif- 



ftiriera al»ow*2 e plu^lnE tute of losp tl>ar tiw per oent !>er ronth* 



At 



7*7. 



Vaouutn fcX^jneor lnf: School* - It wxb reoornieod at tho 



tizno of tho original plant design (App. D12) that caoplete failure of 
the diffusion method would result unless leakage and vaoutsn problems 
oould bo conquered* The decree of tightness required in the gaseous 
diffusion plant ma without precedent in practical engineering ex* 
perienoe* Application of the xaass spectrometer for leak detecting 
purposes was nade by A* 0* Bier and hie collaborators with xauoh of 
the development taking plaoe at the Hash Building under Kellex auspices* 
Leak detector units were constructed, personnel were trained In their 
use* and ouoh of the pilot plant equipment was tested for leaks (App* 
C39)# In February 1944* it beoane apparent that several hundred 
trained operators in addition to the already trained scientists* would be 
needed for leak detection work on the gaseous diffusion production plant 
a£ Clinton Engineer Works* A school for ttiie purpose was established 
at the SAV Laboratories in March 1944* and ovor a period of about five 
months Wfl attended by 221 employees (App* C27* C28 # C20) of the 
following firos engaged in operation of tho K«25 plant or xoanuffeoture 
of equipment for iti 



Kellex Corporation 

Ford* Bacon and Davis* too* (App* D81) 
Carbide and Carbon Checdoals Corporation (App* D02) 
The Crane Company (App* D85) 
AUia-Chalners Coopany (App* D04* DOS* DBG) 



A report on this school is available in the Llanhattun District Technical 
Piles (App* DS7). 




s erica o • ci-.hxot' /.:<)> : itf:tg^ or etit;fioi; r"rar 

3-1 • Vencrel )To?;l«r<o« • During Hie period fron 1940 to 1042 f 
intensive efforts woro mdc to prepare an or:cnic oornound of ur^niun 
suitable for use in a diffusion plant* Haocc Go^critxmtfi worts txalo 
under 05T3) nrir*: oantapantc at loon Stetc Collo^t** the IS-viveraHy of 
Chiaaro # snd the laboratories of tho T:tiiyl Corpartitlou* notravcr* during 
all the course of this wort:* no suitable substitute for urtmiixi haxfc- 
fluoride ae proooos fao wis disoovon>d# 3Ms oomotzxd had been kncum 
to onanists since 1009, but CKictinr irtTormtio-i on it© ohoc&ocl end 
physical properties «as not^er ar*I f In sam oaaec f incorrect* Itc 
Li;1ily oorrosive mturo raised mny problera in ooaaooticr. with tfcfc 
■ prov.oootl barrier and mtoriala cf r.lcnfc ooriotructiocL* TTiio cituatioa # 
together with tho nunorous othor chenlaal nroblene to c expected In 
a lar j research r u*o;Joot* lod to t!*c establishment of a oh^aiccl 
section at tho z t \i: laboratories, A vuet aoount of vjorb has- boon done 
by this £TOiri on olicnioal aspoots of ttio reooarah prograr* Socno 

of t>;ic TOrl- involved develo most and caet&nsion cf exlctiiv cherdoal 
not!rodO| much of it hao boar* conoorriod xriHi entirely new vhcnaazx* 
previously in'mom to cheiiistc* 

&*2« ^ hyaical end Chcrd.cal ^rowrtlecu 

u. r hys 1c o^BlierAco. 1 5 tufl loo « - *V,<icurc:i^t otj3 etixly Gf 
ti?o c-tcnicul r.nd nhyaioe-l pro^ortioc c£ urur.iur: ho^uf luoriclo ?jac under* 
txi^on botwi^m 1940 and Thie, in tura # icwlvrd dev.. leanest of 

xact^o^u for lutdlSri-' the fco, anr ncv wuyo cf -iropeiri*- 5t for ehorAc&l 



pressure, density, thermal conductivity! viscosity, heat capacity, and 
other thermodynamic characteristics (App. D50 through D53). Uetallo- 
graphio techniques were developed, using both the optical and the 
electron microscopes (App* D58)» Reference to such work may be round in 
a bibliography on the subject (App. D$9) t A bibliography on the chemical 
j properties of the compound ie also available (App. D60). f 



DELETED 
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b. Mechanical Pro partial of Barriers . - Tha mechanical 



propartlaa of barrier a hare bean atudiad bj tha following methods: 

1. Band teat, to indicate relatiYe atiffnaaa and ductility. 
2. 
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3. 



4. Fatigue test, Tor information on barrier behavior under, 
continual vibration. 

5. flutter test, for similar purposes but with smaller 
vibration amplitude and higher frequency (App. D61). 

Without the thousands of routine examinations made by these procedures, 



Ox 



it would probably have been impossible to produce a barr ier accepta ble 



for use in a gaseous diffusion production plant. 

i 
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a« Conditionlnr* - 
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^ Vbrloua protrectocsnt orcooduroe for otfcbillalnc 



/Hie barrier vtoro Invoetl etod, and it wao eventually discovered Itot 



fluoridation produood the deoircd result* The suoeeee of the stubilisa- 
tlon prooedisre depended on reoormition of tfc fact that adsorption of 



nroooss es and fluorine on a barrier uas a vx:ry lnp< rtant p 
Jhlo in turn led to the investigation of sue:, phonacma in considerable 
detail, and Involved tlio ctudy of surface aroaa and natbods of ooasurlng 
Uton* The technical results rfiy be found in a report (App« DCS) widch* 



in addition to pi vine rocoroandfcd procedures for plant ot&billsatian* 
includes a lar to arxnrrt of inforaatiai on related eub^octs* 

b m rhxrrin^ and f CqpeupptloE+ - These corollary problem 
koto also of considerable lrportanoo* The chief ol Jeot, ae bos been 

* 

captained above, vas <J<it of pro-troatin;; the barrier in ouch a my that 
it rcnaino a table in tho preauioe of prococa ^tx6| thuo its ratu of plugging 
auot be confined within specified Units* Tiw rate of oonsisption of 

* * 

r^rooooo r XiO tzjot a^o bo nininisod, especially In the hi iwr stereo of 
tlie plant' *£ioro the mterl&l Is hitfily onriolaod udtfi t\ve ll^ht isotope* 



ar.d wiy valuable* Thin rcto of loeo hue been specified in tho plant 
deaina at a valuo not oxoeod.'n one cilli^rta: of process fna rx>r ©quart* 
foot per day* and tiie procedures established have ohown ilrt it ic 



j>ooclbl? to k:>^ corrosion holer- f t?de linlt* 1 
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All of tl.es© prbblerss Ihvq 




ooofully solved* 



(1) routine Ttasta* • During the period than tbeoc 
standard orooodurca wore bein • dovolopod, the SAL' Laboratories tadc 
[rtnatlnc teste on enny different barrier scixplos of all typoe* Ae the A, 
T/% and other barrier modifications wore studied and developed, each 
w&s tested to dotoroine whether or not it was aoosp table on the basis of 



stabilisation 



for theoo purposes wcr* evolved « 



9»nple* an apparatus has been 



ocmatmotod in ^iloh it is possible to stabilise as mny as fifty 7* 
foot barrier tubes at aaoo (App* D64)* 

8-4* Inert *xn fecting; of Barriers* «■» In Section 7 of this 



voltaos* refersnoe mi aade to the IFg separation testing of barriers by 
sin lo sta-e and pilot plant oethode* This nathod of tectinr terrier 



behavior is very slow* net only because of the time ootosvaaod in the sepo* 
ration exporinont itself buy also booause of the tine required for 



iaotopio analysis* It was therefore irportont to devise tepid nothodo of 

noosurin^ the separation factor of barriers* It was also necessary to 

t 

dots mine barrier^orosit/ by slnilar rapid toe to « The heavy decand for 
routine toetlnr pro .p ted the Kellox Corporation to orraniso Ita own 
barrier testin laboratory in the Hash Buildin • fteoliaaiool proportioo 



»■ 



wero also nousurod by this group* 

■ 

a* Tooting of Flat na r y leg # • A croat deal of eSfort 

ocrpecdod or? tt eoe procedures, triLth t\v: result that suitable ©sthodfi 

dovlsed for obtalnta:' the n/juirod ?rfoiT»t5.o*i ruj>idly* In itc pn?acr:t 



/ forr^ the nethod 1c an follows? a fl*t sarr>le of barrier is planed In 

r* suitable, holder, an;1 mt^ nkrtorc of helium or.:? careen dioxide is 
circulated to ono sido of tho caxnlef son: o:' 1 the gas diffuses throu;h tf 
and to t^lysio is mdo of ti*o diffusa tc and of tic undirfused j>s» She 
sppt.r&'cinr efficiency of tlv; barrier f Howl directly froi: these iaeacur«?» 
rrrntc # 'oroslty ia doterrdned by rwasurin-- t>>o anoint of ras drawz 
thrcrrh the barrier under etundu-rd conditions of pressure an-:? purr> ir.fr 
rtt© (At*tj # D6b)« The dnvo lo'»n t of this run Id teetin " unit !as b?wi 
aeoenpanied by aany theoretical invest! ^tions of tho physical laws of 
pjkB flow throu-h barriers (App # I>00)# TJio r finite have also bo en 
co~*parcd wit?; process c*b separation teota in order to convert the 
results to an absolute bucio» Auxiliary inotruwntc for separation 
test* hart been derrloned iii order to ate noro precise detcrrdrJitiott 

I ) 

of the fes mixtures diffuein throu h the barrier* Thee© include therm! 
conductivity r\ic csalyrcrs of tho fcvo different varieties (App* DGV # 
DGG)« Vov oorbain asocial purposes* oaaauraneuts of barrier separation 
have also been tbj&c ucin^ other ^soo or txc rixturo© auoh as nitrcr-en* 
Ottyc^ri, nitrofcn^orflixjrohe^tc^c a&d hytiro^ori-oarbo: i ditccIdo« 

b« Tube Steatinr* - Thr foreoin *- inert fjas tostin- notliods 
have all boon carte nded so t*k>t th**y Eiiy bo applied to tubular dlffucore 
of ctandarJ srvon~foot ?>rodu?tiG\ nlii:;t lcr^fc\ I>Ct) and to slaertor 

tubec cut fra thoei (App* EG3)« 

B-£« Co rrosio n of *utcrl*tio« - The era. cf burrior ir. th; dif*u~ 

1 

sion nlant is ostinctocl ac IX) per cent of the total aroa exposed tc 
process ft-c, the romindor hcirr- oocour.toc for by blowers* ririnf^attl 

rclct-x! ec:r2.nn;-:;:t« It is cV\*f»ou;;T* 5r: or bi:.^\.. to choocc t^pro ->r^t'' 



materia 1b of construction for these itens, a??d to stabilise than to tfio 
prooosa as tihen nocaos&ry* A blblior^rnpJiy of available l>25 corrosion 
data bas boon coirpiledj corvrtnz Uie corroaiv*i action of fluorine, 
hydropen fluoride, fluorooarbons, and oroco3s raa (Anp# l>70)# Studio© 
at thr SAT laboratories hcnre involved dovelo?nont or creation of 
ttftthods for B»a«urin * the corrosive effect of theae rases, imroeti- 

ration of tho fundamental ehenioal nrinci->l«s ocnoorned, and routine 

f 

tests on htndreds of different mtori&ls* 
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8«6# l^vslopaaent of Special Cheaioala» «* Ifeutdon has baon Ad* 
In Vblima 1» Paracre~»b 5-?, of a manner of spcolflo needs, arising 
vitiiln tho K«£5 Project, i*iich oould bo successfully oet only throutfi 

■ 

fundanental devslopnont and toohnolo ioal adaptation of a ntri>or of 
industrially nvn and special chomioals, nrinoioally tho procoss fluid 
itself , umniun hoaaf luoridef tije conditioning £^s, olracni&l fluorine j 
and a nur* cr of in* *rt 9 highly fluoriimtod hydrocarbon** Description 
of thla phaoe of work* *h*ch foroed a vt»ry eifriifioant branch of tk© 
chemical renearch prorron* Presented in nook VII • Further discussion 
ic also **ullable in tho Hollar Cocplctiazi Itoport* Section III, (ll)« 



GflcnO'J 9 - SAFETY MICUniTT 

0*1 • Safety fToryutu 

a* Organisation* 

(1) Safety I ^pGrtapnt» Hie principal oontructor, 
the LIAI? laboratories organised a Safety Department within its In- 
dustrial Relatione Division* Other deportments in thie division 
dealt with enploynxmt, insurance* nodical natters (physical exard- 
nations and first aid)* and employee relations* Theoo departs n to 
reported directly to the Director of Industrial Relatione* und problonc 
oocnon to this Division Y*oro dioouaocd and coordinated* A full-tixx? 
Safely Engineer headed tho Safety Division and worked directly with tho 
various technical and sorvioe divisiona of tho laboratory* Tho normal 
functioning of tho Safety Department required close cooperation irith 
tho Ifedloal Division in liandlin; injuriee and taking preventive 
meaeuroo* Tho Safety Department also worked closely rrith the Insurance 
Departzxint on compensation oaooa and routed matters* Tiio Columbia 
Aroa Engineer supervised tho safety proprans of the various oontniotors, 
and mintainod liaison t/itfo tho District Itodioal and Safety Scctiono* 

(2) Safety; Advisory Cacreittoo* - Beoauoo of tho 
nature of tho work boin^ done* a Safety Advisory Ccrrdttoo uac or^^nised, 
oonoiotinr of scientists liavinc diroct responsibility for tho aotivitioe 
involving hacardouo ope rations* At tines vrtion social safety problems 
arose, moetin^o of tho cornittoo woru celled to discucc tho situation 
and ratoo rooocnoixtationn to t2ie Safety I>epartex>nt, 



b» Safoty rBacuros* 

(1) l^nployeo Oriontatlon, - All nov/ ot?)loyooc rare? 
Given instructions roftirdJnc tholr duties, at which tino lirdta of 
responsibility an:? authority for all opor^tions wore spcciflod* An 
Enployooc f Ifcnual vac prepared and distributed to aid in thio orien- 
tation prosran* Safety bulletin boards wore instulled, and a continual 
poster campaign me carried on to mte ocoloyuec conscious of the need 
for caroful operation* 

(2) Safely Inspections* • Routine inspections wore 
made to insure tho absence of unsafe physical conditiono and fire 
has&rds* to cheek tho condition of car* msks # eju^ other safety equip- 
ment* ai*? to safeguard the health of employees* 

(5) Modloal Facilities* - A oonp lately equipped 
Infirmary was established on tho premises of the SAJ* laboratories with 
fcvo nurses on f ull-tl&e* and t**o doctors on part-titto duty. Arrange- 
ments were caade with a nearby hoapltal to handle onerppnoy caeos* 

(4) 3tudy of Wcnr Hagards* - Prior to the lmu t ru« 
ration oi 1 dot earper toon tal proftranSj oenferonoes with eoientifio 
divisions 1901*0 held to discuss possible hasardc involved* 

(5) Records and Statistics* - Conploto rooorde of 
inspections* rooomendations, and in to c t i^a t i o ne v^ero tuintainod* 
Monthly roportc were prepared showing tJio frequency ax*3 ee verity ratoo 
of accidents* 

9-2 # Security .Profraw « - A security progrun was instituted in 
tho Colunbia Area, in accordance with policies established by tJio 
District Security and Intolll^onoo Uiviciou* 



a* Cfrnonigation* - The Columbia Aroa Security Goctlon 
\mo headed v y a ©7>eolal Ufpnt aoolr^id to the aroa by the fJevr York 
Branch Office of tho Soourity and Intelligence Division* 1Mb man 
was assisted by a protective security a;?mt* Security representatives 
wore so loo ted fron personnel at o^ch facility porfomlnc work of 
interest to t!v> District. It mo tho duty -of these representatives to 
report all appropriate cutters to tho Aroa Security Section, and to 
cftintain proper security conditions trithin their facilities* 3uard farces 
were estublishod **hcro necessary, an these forooa reported suspicious 
inoidontc to tiio Security Section for action* Tho prioary duty of tho 
section head of tho Aroa Security Section was to assist and advise ttio 
Area Enninoor on ull catters involving security and intelligence* As 
resident agont of tho Kew York Branch Office* ho tsiac also roquirod to 
report all significant matters to that office* Information concerning 
inoidontc pe**taininn to soourity and intelligence viae also forwardod to 
the District Security and Intelligence Qfflco by tho Area Security 
Section* 

b* Soourity tSeasuroe* • Security regulations established 
by higher echelons wro put into effect at all facilltion under the 
jurisdiction o rt th? Colunbia Aroa* Itoy personnel at ouch of tltooo 
facilities iroro tliorou^ily advised of tho -^revisions of each regula- 
tion by tho Aroe Security Section* Periodic inspections wore co:>- 
duotod by the head of tho Security wootiori to insure corr> llanco vdtli 
thoso security regulations at each facility within tho aroa* Security 
surveys r/oro conducted by inspectors of tho limv York Branch Office to 
insure continuity of production at all Colunbia Aroa installations* 



Tlao Soourity Section tiGcictod the Area Engineer in carrying out 
reoonao:*2atlona baood 0:1 those periodic survoytu ?to aoriouc violation 
of Docmrity ropulatlono lmc boon roportod rithln tlio Columbia Area 
since ito oatabliahnont* At all installation!;, oxto ncivo uao tclo mdo 
of visual aido etnpliod by tlio District Socurit&r Offico # Tte Area 
Soourity Action carried out a careful personnel exanincition of all 
fbcilitica* and roviewod security queotionaairoo on prospootiw 
•nployooc prior to Bubcdttin^ them to tho I^vr Yorl; Branch Office for 
invoetination. 



SECTION 10 - CO.^TS 



1C-1« Intro duction* - An overall compilation of costs attribut- 
able to the K-25 f roject is given in Voluae 1, Section 7, together 
Kith an explanation of the principles involved in the method of cost 
presentation used* This section presents total costs chargeable to 
the research phase of the K-25 Project, 

10-2. Cost Breakdown, - A detailed breakdown according to 
Manhattan District prise contracts is shown in Appendix A2, which 
also presents original and modified contract estimates* Appendix Al 
presents costs incurred as the result of early work done under the 
auspices of the Office of Scientific Research and Development, Cost 
estimates for principal subcontracts are tabulated in Appendix A3. 

10-3* Cost Sua&ary. - Total cost figures for K-25 research 
(including the OSRD costs) effective as of the end of the fiscal year 
1946 are as follows: 

Contract Payments to -B ats $14*544*964 
*ixed Fee layiucnts te bate 0 
Material furnished by Government fro U»we 471.960 ( credit ) 

Total Contract Costs to tiata 14 #073*004 

£stiaatod Total Costs for Completed Contracts 15,811,663 




10.1 



SECTION 11 - ORGANIZATION /KD PERSONNEL 



11-1 • District Orcardgation * - ftie line of authority for research 
and development pertaining to the diffusion plant is illustrated by 
Appendix 31. The activities and organization of tho Uadieon Square Area 
nre IrettM in Book VII, nnd of tw Ken York Area in Book II, Volume 3. 

11-2 . Co^mttblfl Area . - In anticipation of the awarding of contract 
K-7405-ena-50 to Columbia University, Llajor 3. K. Hough, Jr. pas desig- 
nated Area Engineer of the newly edited Columbia Area in the early 
spring of 1?43. By 4 August 1943, the staff of this Area consisted of 
4 officers and 72 civilians (including guards). AppendLu; B2 presents 
a Columbia Area organisation chart effective at this time, liajor Hough 
was succeeded in January 19^4 by Captain L« L» Grotjan who directed 

i 

Area activities thereafter. The Area staff , which at tho October 1944 
peo : c (App. B3) numbered 7 officers, 173 enlisted ;aen and 146 civilians 
(including 111 guards), had boon reduced to 3 officers (plus 3 assigned 
to tVr Patent Advisor), 2 enlisted men, and 27 civilians by 1946 
(App. 34). Key personnel together with their functions are listed in the 
Appendix Gl. The Columbia Area was dissolved as of I July 1946 « 
Ll-3 • SAlg Laboratories , 
a* OrgBnigction . 

(1) Development . - Tho war research activities in nuclear 
physics at Columbia University under OSRD contracts were organized under 
the nsr.e of SAl! Laboratories. When contract 7r-7405-eng-50 was negotiated 
with the Uanhattan District on 1 )tey 1943* thr entire laboratory was 
ta'rren over. In view of the expanded research prvgrwu required under 

11.1 



the new contract, additional facilities were provided in the Nash Building, 
New York City, ehort^ thereafter {July 1943) • 

(2) Transfer of Kesnonsioility . • The work and equipoient 
were gradually transferred from the Columbia University location to 
the Nash Building, the transfer being essentially complete by 1 Feb- 
ruary 1945* On that date, responsibility lor the SAM Laboratories 
was assumed by Garoide and Carbon Chemicals Corporation under its con- 
tract K-7405-en£-26 (Vol* 5)» The laboratory organisation, which re- 
mained essentially unchanged, is depicted in Appendix B6 as of 21 April 

1945. 

b. Employment Statistics , - A tabulation showing the 
number of persons employed by the SAM Laboratories together with other 
Columbia Area contractors is included as Appendix B5» 

c. personnel . - The activities of the SAU Laboratories 
were directed until February 1945 by Dr. H# C. Urey, who was then suc- 
ceeded by Dr. R. II. Crist* Dr. Urey was aided in Ids administrative 
and technical duties by Associate Directors, Dr. L. U. Currie and Dr« 
H. S. Taylor, Dr. J. R. Dunning directed research and development in 
mechanical engineering, problems, pilot plants, process operations, and 
isotopic analysis methods* Uajor divisions *ere headed by Dr. E. T. 
Booth, who directed the work of all physics research groins on barrier 
properties and separation assay methods; Dr. H. A. floor so, who directed 
the mechanical engineer groups concerned with studies of seals, blowers, 
pitnps, and pilot plants, and by Dr. I . H. EmKett, who directed chemical 
research dealing with consumption, plugging, stabilization, corrosion, 
process materials, and f luorocarbons • Dr. Emnett was succeeded by 



Dr« P« Idbby # Dr# P« o» Slaok directed ti* barrier tostlar division, 
whilo Dr# £• I tot, Jr« vsie responsible for tho production developnent of 
fiie olectrof&cctd nictel barrier, and Pr# 1 • % Cohen directs f undaxuantal 
theoretical and sutiieratioal etudiec of plant deeim and operation* I)r« 
m« Soatohard supervised research on pas f lor/ theory, and Dr« TI« J# 
Creiphton supervised patent wort, and served ae liaison officer betiroen 
SAJ; and Dooatur on IiA barrier production* Dr. 3. !:# iAirphy direotod 
tho administrative work of the patent and theoretical groups and wao 
responsible for all technical reports, including their editing re* 
production, distribution, and custody* A detailed list of key recearch 
end developnent personnel of the SAL* Laboratorlce ie pro sen ted in 
Appendix 

H*4* Coluribia l^lverclty* 

a* Or tinlaatlcnia - As stated a ovo, the 3AJT lAboratorioe 
oriHLmtod in Coluafeia IfaivcrolV as a consolidation of all of Columbia's 
Manhattan District activities* Vthstn the Carbide and Carbon Chcsaicalc 

■ 

Corporation took over SAT on 1 February 1945, a certain asount of expert 
rontatiou not oonnocted trith the diffusion prooeee retained to be 
completed under ft^740£>«en?»6O # and wo continued under this contraot 
independently of 3ATT laboratories • 

b* Perso3iaBjl » - Tho activities of thic cro\n were ruidod 
principally by I>re* !f* C. Urey, J* R* Punning, artf % Ifeilla* Fjaploy** 
ncnt statistics are furnished in Appendix BE. 
11«G« Kolleor Corpora tion« 

a* P craorael* • Key rocecirch personnel of tho Kellex 
Corporation arc listed in tho Appendix '!>* Or-ianisation detailc imd 



in5*onrrticn eonoerr.in- the reminder of the stuff arc riven Sri Tcluw 
£m ■ erocnnol tryrvi'v urid^r V'ellrc*K:urx;yai.£?xl cor.tr* cts enr* ei&coa tracts 
Ere included i r : Voluao E, since their contributions were ulorr t >e linos; 
of* rfir.ufticturiTi;- dovr-lc\writ # ratlior t?ia?i ^jeidfjacntul rtifl(x.rch» 

11«*G« Bell Stelo^honr Ifch-oratorica O-estrna Electric Con>UTr.')» - 
Thv 1 unh&ttor District wotv at thr-^ Iftborttorirn vjuc performed trifrr 
r%c fiir^rvicia': of Pr« h # 1» Sizrruu A lict a" Voy individy&lo contri- 
buting to thic project ie attached (App # P3) # Vi* loyswnt data 
cupnlied in Appendix SE« 

11»?» " "rliyetorn l:aiw«i1y» * Tho mtS.rc ^rineotxm effort in the 
r»?5 project directed by Dr# S # feylor* *fi*o wr~c ossiatoj T.y Dr« 
'J» Joris* A liat of key personnel associated in this vox*: 1q 
presented in AppoadlE 04 « Xnforeiition rv-'-urdin.- xurabar of eE$ployt*cw; 
en a ~od at thia facility iB provided in Appendix HB« 
11*8 • Otkor extractors* 

a« Interehasioal Corporation* • This mrV mis directed by 
fcnu A» r -« Ussier eru! Ii« 1I# Tanfi« Other Voy personnel wortrin- und«r 
contract V«7407*<nf7*25 are. listed in Appendix Personnel ct&tistiqs 

ttxy he found in Appendix D5« 

b# n ^ilfcrniix Tcatitato of Tochnoloy* *» Eiis project 
vutD £irset*<l b/ 3- : r« R« Tadpcr^ Other ice/ por'ecir^l cn-^-ed urdrr 
contract V^T-iCl-cr, ere listed in Appendix T« 

c« Ohio ^tfttc Vriiv?ralty» • v.oric at Oh'.o itet^ University 
S.--C dirnctt-d b;' hr# A» L» lienrts* 



t&immjr district insvanr 



It II - dlSEOOC DIFFUSION <K*35) FH3JECT 

volume 2 - research 
appshdix "a m 
cohtiiactb 



Sto* Title 

1* QSHD Priiao Cootmoto* 

2* Uuahattan District Print Contracts* 

ft* Siftoontraots* 

Die foliating list represents a tabulation of price 
research oontmote attributable to the K-25 Pro^eot with the eaolusio 
only of oorstraota pertaining to the epeolal obecdoale progranj the 
latter contracts are treated in Book VII* Coat figure* are effective 
ae of tto end of the f ieoal year 1940* Subcontract ooatc aro 
included in the prime oontraot figures* 



Contraot type Is tabulated in the first oolwn and 
denoted by a numerical oode, the key for *hioh is as f oilcan i 

(1) Architect-engineer services* 

(2) Cost plui overhead* 

(3) Uxq sud servloo* 

Method of letting Is tabulated In the seoond ooltxsn and 
denoted by a numerical oode* the key for which is as follows i 

(1) Negotiated by Coltanbia Area* 

2) negotiated by District Engineer* 

S) negotiated by Hew Tork Area* 

(4) Negotiated by JJevr York and Decatur Areas* 
(6) Bepotiatod by Ifedlson Square Area* 



TRACT '10, 



•JAMS OF <X SIR AC TOR 

.■1-FSCTIV2 "ATE 



:sofiE opfiv.8 or 
co-cnwv'Tca 



GEM«r-lOfl 



0tIM«r-4Qf 



Ottlar-411 



CBMor-6M 



Colunbla Unlvaralty 
1 JUly 1941 

U. ff» Kallo&f Company 
10 January 1941 



Columbia iTatrorilty 
1 taaaabar 1941 



Ohio Stat* Uaivaralty 
Raaaaroh Foundation 
3 Aufcuat 1941 



DELETED 



Saw lark. »• T. 



Jarsay City, if* J« 



Han York, 9* T 



Calunbua, Ohio 



*OTSi 



Inraol 
for •< 

Daalfi 
pilot 
•ant. 
ratloi 

3 apart 
dlffw 
E-lf 

Prop* 
aaapli 



) 



All abora ara eoat-plua owhoad oontraota* 
All vara nagotlatad by tha Sxacutlv* Saoratary, 
All contraota ara oomplated* 
Total ootta ara $1,397,860* 



Vol 
Us) 



osar 



OSRD PSDOt COITRACTS 



BOUE OPTIC B OP 
CONTRACTOR 



SCOPE OP 1DRK 



ORIGINAL 
COSTKACT 
BSTIUATED 
AtfOUVT 

(MOT INCLUD- 
IHO FEE) 



lew York, R« !• 



Jersey* City, M« J« 



Kew York, !• T. 



Colufltbus, Ohio 



lures ligation of the diffusion method 
for s deration of leotopee of ureniun 

Ceslg*, construction end operation of 
pilot plant end derelopceent of equip* 
aent* Materia It and aethode of ope* 
ration of a large plant* 



tion of leotopee of uranium by 



Boparo: 

diffusion process i eleo various noo 
1-26 projsets* 

Preparation and purification of 
eaapiie of specified fluoroearbone* 



DELETED 



eost-pl.ua orerhmd oontraata • 
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CQSTRACT SO. VA*I~ OF COUIPAtTOt HOW! OFFICE OF iJU'lUITAi DISTRICT i*Il« CO] 
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W-7401-ang-68 
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(S) 
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and Saith 
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(1) 



York, S. T. 



Com took and ffaooott, Caabrldga, Mom* 
loo* 

16 Aupiat 1941 

(2) 



California Institute 
of Toohnology 
1 July 19a 
(3) 

Voorhooo, Fol«y-iialk«r 0 
and Salth 
4 Oetobar 1943 

Columbia 'Jnlvoroity 
1 .'Jay 194* 
(1) 



Pnoadana, Cal, 



Nov York. S. 7. 



York, ■• T. 
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Foundation 
1 'Ay 1941 

(a) 

Battalia Manorial 
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16 April 1946 
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Poaaaroh Foundation 

I Ally 1946 
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Manhattan 
District 
Engineer 



Unit Chief 
Gaseous Diffusion (K-25) 

Project 




Columbia Area Engineer 

Columbia University QEMar-106 

Columbia Ohiversity CEMer-412 

Columbia University W-7405-eng-50 

Western Electric Company 

(Bell Telephone Laboratory) GEMsr-1125 

Western Electric Company 

(Bell Telephone Laboratory) W-7405-eng-142 

Ohio State University W-7405-efcg-95 
Princeton University W-7405-eng-98 

i 

Interchemical Corporation W-7407-eng-25 

Carbide and Carbon Chemicals Corporation 
Supplement 4 of W-74Q5-eng-26 



New York Area Engineer 

M. W. Kellogg Company OEMsr-406 

M. ft 4 Kellogg Company 

(Kellex Corporation) l»-7405-eng-23 

Carbide and Carbon Chemicals 
Corporation W-7405-eng-26 

California Institute of Technology 
W-7401-eng-63 
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En g i neer 

Special Materials 



Line of Authority for 
Research and Development on 
Gas Diffusion (K-25) Proiect 
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Assistant 



Security and 
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Protective 
Security 



Guard Force 
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Aaaiatant 
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Section 
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Mail and Be cor da 
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Fiscal and Payroll 
Section 
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Material and 
Transportation Section 
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* Incl. 2 assigned 
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** Incl, 173 assigned 
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Staff 
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CT 


- Pilot 




Plant 3 


CL 


- Pilot 




Plant 2 
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Systems 
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EK - Filter Structure 
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Business 
Office 
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Division MC 
Purchasing 
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and Shipping 



Division VE 
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Group 1 
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Titla 

Djir o f l a t io n Funiaaa with Boating Ball la petition, aa 
oporatad at tha Sohoxaarhom Pilot Plant for Haat boating 
Barrier* 

Intarior view of H/drofwatloo Furnace with a Reel of 
Barrier Matorlal in plaee. 



DELETED 




DELETED 



DELETED 



Gee Bearing Blower. 

Weetlnghouee Model CS»Y Om Bearing Blower. 

Front View of Pilot Plant No. 1 (Codo Naoti Gertrude). 

Roar flaw of Pilot Plant lo. 1. 



Pilot Plant Bo. 1, ahowing a front view of tbo lwel*e» 
Btago Caeeede aa fir at aaaamblod in tha Pupin Ph/aiea 
Laboratories of Columbia unlvereltgr. 

Pilot Plant Bo. 1, ahowing a roar view of the original 
Teelve-Btage Caoaado with type B Puepe Mounted aa a 
Coawon Grankahaft. 

Rear view of Pilot Plant No. 2, ahowing three type W 
Puepe. 

Interior View of Pilot Plant Bo. 2, ahowing Diffueere 
and Preaaure Iranealttero. 

Pilot Plant Bo. 3*# ahowing a view of the Bain Inatre- 
■ent Panel. 

Bear view of Pilot Plant Be. ahowing the fear Tap 
Stagee, and (in the foreground) the Bator Coolant Cir- 
culating Breton. 



Pilot Plant Bo. JB, ahowing Btagea 2, k, and 6, type 
CS-V Ceo Baarlng SLowera, Blower Repreeeurlng 3/ete% 
Bhitehead Diffueere* Surge Drue* and Heat Bnohangere. 

Pilot Plant Bo. 3B, ahowing Btagee 1, J, end 5, Blowers, 
Dlffuaero, Control Ihstrunents, and Sanpling Banifolda. 

View of Vaeiasa Sngineorlng School, ahowing Studente 
omwinlng Bloetronlo Equipment ueed in Leak Detecting 
Apparatue. 



Vaouun Engineering School, showing a Leek Deteoter and 
and a Puwplng flagon being aaeanbled. 




Ymuub Engineering School, shoving the llua Spectrometer 
Leak Detector* 



COL tyrdroganatlan Fumae* with Hsatinf Ball in position, 
a* apsratad at the Sahamarhorn Pilot Plant for Hsat 
Traatlng Barriar* 



O Interior View of Kydrogenation Furnace with a Real of 
Carrier ttaterial In place* 
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V 



Gee during Blower. This is the first «jae bearing 
nixiel* It we a constructed *t the f upin ihysioe 
Laboratories of Columbia Jniveraity. 



IH» Atadlluy app*r*tu» is being ua«4 to c*kt 
lift test ttodlM of blcmw p«rfon*n0« wl-tfc 



G17 Front Vl«r of Pilot Plant Uo. 1 (Cod* Naawt Gertrude). 



CIS R«ar View of Pilot Plant No. 1. 



Pilot Plant No. 1, showing a front view of the rwelve- 
iit&ge Cascade as first assailed in the l upin I hysics 
Laboratories of Columbia University. The difluaers, 
pressure indicators, piping, and valves are sho«n« 



Pilot Plant No, 1, showing a rear view of ths original 
Twlvo-Stage Casoads with Typ« 3 Pumps aountsd as m 
Coanon Crankshaft* 



021 Hoar Tie* of Pilot Plant Ko, 2, a haw Ins tbre« Typ« ff 



Interior View of Pilot Plant lie, 2 f chawing Elffusara 
and Fraaaura Tranaaittera. During operation, iha 
dlffutwrs ara houfcad in a conatant toaperatura chflub#r* 



C23 FUot Plant No. 3 A » showing a view of tht Uain Inatru- 
aent Pantl* 





* 



Rear view of Pilot Plant No, 3A. showing the four Top 
ote^ee, and (In the foreground) the &»tor Coolant CJb>» 
oulatlng System, 



Pilot Plant No. 3^, showing Stages 2, 4, and 6 # Type 
CS-V Gas Bearing Jlo*ers, 31o*er Repreeeuring System 
Whitehead riffusers, Surge Drum, and Heat iuxohan^er* 



C26 Pilot Plant Mo. 3#> showing 3t&£e« 1, 3, and 5, Blowers, 
Dif lustra, Control Inatruf&Dnta, and Sasipling Uanifolda. 



£27 VI mt of Vacuum Engineering School, showing Students 

examining Electronic Equipment used in Leek Detecting 
Apparatus* 



Vacuum Engineering School, shotting a Leak Detector and 
a Pumping -agon being assembled. 



C29 Vacuum Engineering School, showing the tfaee Spectrcaaeter 
Leak Detector, 
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(U*D # T»R« indicates Manhattan DUtriot fvohoioal Iteport Pilo) 
fetunrtM* Vol. 17, p. IX, 89 (1989) • 0. B&hn and 

Fhyoloal Boviov, Tol# 5B, p» Ell (1989) * B» L» Aaderooa* 
E# T# Booth* J» &• Dunning, E, Forai, G» R» &a*oe, 
P* 0» 83aok« 

Phyiloal totlov, toi. 87, p, M6 (KMO) - A* 0, Bior, 
E* T# Booths J« IU Dixming, and A* von feoooo* 

Pty*loal Bovlov, Tol* 88, p* 426, 1066 (1939) - S, Bqhr, 
and J # A« flhoolor* 

Phyoioal Btv&ov, TdU 87, p* WO (1940) - A # 0* War, 
fi« T« Booth, <I, R# Dtmlx^g, and A* von ft^MM» 

rhyoloal Brriow, Vol* 87, p, T49 (1940) - K # H, Warden, 
E, C, Pollook, B# T # Booth* and 4* &• Purmlag* 

fetal Atom, Pmplnc Spooda, and 6tag»e for Pittmlon 
Apparatus * larl eohon, Ootobor 1941* lkD»T,R, Pllo 

Bo* A "06, 

Coatmot W-740B«-ong-8Sf with Iho U# W # lollogc Coctpaqjr, 
and tho Kellax Corpora tdmw Manhattan District Clasoi* 
fiod Contraot fllM* 

Contract CEUor«4l2 9 with tfar tktactoofl of Ooltvfala talwnity* 
Suporoodod by Contraot lMT40r>«ong«*0 # Mufaftttan Dlatrlot 
Claaalfiod Contraot Plloa # (Boo App* A) 

Contract O^r-llBC, with Weatorn Blootrlo Gowaqjr (Boll 
felophoo* la b o m torloo ) , Buporaodod by contract B-740B- 
ong*»l42* Ifcrihattan Diotriot Clacolficd Contraot F11m« 
(Soo App, A) 




Contraot l^7406-onf-©G # with Prinooton Uaivcrcity. 
Manhattan District Classified Contract Piles. 

(8m App. A) 

fhs Bsllsx Corporation* fbo Diffusion Plant - first 
Progress Report. M.D.f.R. file No. A-626. 

T, A* Data Sheets, Bastion X, IUD.f.!U File lfo« IP. 

Report on Subjsote Disoussed with British Bepressntatives 
Burl Cohon - 16*29 September IMS. K.D.J.E. Fllo Ho. 

A»llll# 

On «bo Stability ond Control of Diffusion Plants. Part !• 
Conoopts tad Methods • Irving Bnplan and Barl Cohon • 
9 April lM9j Part t« Further Dovslopjasnt and Appll* 
nation of the variational Anal/sis • burl Cohon. Irvine 
Kaplan* and Barrl* Bayer • T January lM4f Part f • 
Hj dr o dyu anie Behavior and Crltsria for Stability • 
Harris Mayor - T Cetobsr IMA. sM> 9 T.R. Filo Bo. A-692. 

A Progran of Baperlaents on ths B y dr o dy naalo Behavior of 
ths So-Stage Pilot Plant (Bel Id lac frM-tx)* Irvine 
Baplan* Bdaard B* Carson* and VI lilac A. Htarenberg • 
IS January IMS. B.D.T.R, Pile Bo. A-BISS. 

As Statue of Barrier Dsvslopennt • As Ballon Corporation* 
<J. P. Begerton, Bditor - I Septeohe r 1MB. Bow York 
Aroa Classlfiod Filee. PUs Bo. BT 400 f llS jBarrlor). 
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Buboontraot Bo. 1 under oontraot W-74O6-eng-l40 with tbs 
Rou3aillo4s»*8lisy Corporation. Manhattan Distrlot Class!* 
fisd contraot Pilos. 
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Rafaronoo 

Btaxxratraot Be* 8 vnSor tontr&ot W-7406*bng«l49 with the 
Boudaille4ferthey Corporation* Manhattan Dlitriot 
Claoilfied Contract PUm* 

Coatraot W-7406*eng-66 with the Boodelll««tierehey Corpo- 
ra tien for wmnI^ eaielopHmt mod pilot plant pro* 
duotion of "A" Barrier* thio wi aupereeded by •ontre.ot 
W-7t»-eng»149 for proourocant, design, installation 
•f eguipnent and lergs teale prodnotlon of barrior 
tobet* Manhattan Die trio t Classified Contrast Piles* 

Report ta "A" Barrier • Sdaard Meek* - 16 June 1846* 
M*D*T*R* Pila So* A-4U7* 

MflubM of Meeting 16 January 1044 at PoooUir* 
Xllinola • Pervarded by Captain J* R* Brannnn • Pila 
Ro» M-887 Otaaral • Oaao Bo, 8501* 
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EAi« Peeder Produotion • V* A* Color ot al. - 16 February 

1846* U.M.R* filo fc. M-4818* 

Ihe Panplng Problene in 9*t86 Diffusion Separation Plante • 
H. A* Boorse - 16 Deoesfcer 1841* M*D*T.R. Pila Ko» A-66 # 

Oil«Pree Sealed Puap for Corrosive flheee • B* ?• Booth and 
Hugh C* Pazton • 6 Pobruary 1MB. M.D.T.K. Pila Bo* A-UB. 



W Ptaf> Design • D* 0. larfoant • t B oi o ah s r 1044* M*D*T*B* 
Pila Bo* N*U91* 

Paoiamtiaally Operated Metal Biapbrafa Poop • *• f* Booths 
B* C* Partem, and D* B* Oook - 87 July 1848* M*D*f*B* 
Pila Bo* 4408* 

Diffusion Separation Plaati • J* B* Dunning - IS February 

19*8* M*D*T*R* Pila Bo* A-6S6. 



DELETED 




DELETED 



MUMfemttng Baaml* Vb1» XIV Promt Pwq* • ft* L* 
Ufa lost in AM Boariag ia Prooosi Sao •» H* A* Booroo* 

a* F 9 Botbar, ana J. ft* unto - to soptoabo? IMS. 

a*D*f *B* Pllo Bo* A~lt07 s 

Prtlfcdauy Boport on OM Soarings • B* A* Boorae, G» r* 
Boskar oafl J, ft* Undo* • 16 Bay IMS* a.D*T.R. P1U 
So* jUlStO* 

Baat Sapor* an B»ati&£iouB» fea Boariag Oantrifusal 
Ooapraoaor • B* A* Boors* at al* * 19 Iky IBM* K*D*f*B* 

HU Bo* A-1278* 

last of tea Qsasral Ilootrlo Ou Boariag Bloaor • 0* F* 
Booker at el* • U Aagoet IBM* ll*I>*T.R* Pile Bo. 
A-4&IZ* 

Oo n te oM W-Tll5-«ne-e* with SeattatfrooM Blootrio and 
Nuaufteoturiag Cenpany for gas baerlnc bloat rt end 
£et*ra* Senfeetten District classified Contr&et Piles* 

Bxporwntol Separation of Braaltn laeptpes by Diffusion • 
S* U Bootti« B* C* Pextoa, end 0* •• Blade - 17 February 
IMS* M*D.T*R* File Bb* A-106. 

Proooao • Oea Separation feats • B* B* Pentlna ot al* • 
18 Maossnir IMS* a*D*T*ft* Filo Bo* WIS* 

Higfc-Cut Barrier Beating » U DaTldeon, *• A* Slereaberg* 
aad C* WlUiAao •ito Sarah 1M4* K*t>*T*ft* Pile Bo* 
A4S6S, 



Barrier testa on Do, 1 Pilot Plant «• C* B* Slada anil 
D. B* Cook* 13 Sovos&er 1944* IUD.T.R. Pile Bo* 
A-S182. 

the Bo* 2 Pilot Plant * 8* Crotaer «t al. * 18 October 
1944* K*D,T,R. Pile Bo* A-8140. 

Completion Beport on Pilot Plant 8A - Clarkv BiUlane 
•t al* BO Eovedbar IBM* 1LD*T.R. Pile Bo. A*f 182* 

Bydrodynialo Behavior of the Bo* 8 Pilot Plant • Irving 
Kaplan* € October IBM* li*D*T*R. Pilo Bo. A-8157* 

Operation of Blower • B* C* Paaeton and S. Ylaner • 
B8 Juty 1944* K*D.T # H. Pile Bo, A-11B0, 

Porosity *n* Life*? 1 lugging loot on tubular Diffueere » 
8* Planer ot al* - BO Cetober 1944* Ii*D.t*R. PI la 
Bo* 8144* 

Eleotronio Proaauro lr&nesdttar and Self Balanolng Belay * 
8* Cronar - 10 April 1944. X*D*f*R* Pilo Bo* A-1286* 

8pooif io Boat of Cranium Bomfluorlde • B. T* Booth ot al* 
87 DoooEfeer 1941* U.D.T.R* Pilo Bo. A-67. 

Ploaaoter for Orantwa Bemf luorlde » E, *. Bootfc. ot al* 
8 January 1942* K*D*f*R* Plla Bo* A**8. 

fhamal fleece tern •» C* D» Suarts • IE J&amry 1946* 
B*B*T*R* Pilt Bo* A-C819* 

on Analytloal 8or%ioa - J* K* Dunning • 8 Ootobor 
* U*D*T*R* Pile Bo* B-1173. 

lotting Xaotoplo Conoontration of Uranium - J* R* Dunning, 
E* f* Booth* and A* oon freeee * July 1940* B*D*T*B* 
Pile Bo* A<n68« 

the Counting Method of Xaotoplo Analysis of Omnium • 
Part 1 • D* E* Bull • 18 January I944j Fart 8 - Prop** 
ration of Pitas - Benjanin Cohan and t>* E. Bull • 88 
August 1944* M.D.T.R, Plla Bo* A-1286* 

Report on 8AJ" Vaouwa Engineering Sohool - C* B« EUia • 
84 July 1944* IUt>*T*R. Pile Bo* A-C127* 




B of erenoo 



Status of ldnt&llographio Intestlgatlona of Eleotronleksl 
Barriers • 0* E. Pallia le r • 14 October IMS* 1M>.T.R. 
rib No. A-1210. 

Elaotron Mteroseope 8tudy of Barrier Struoture - U I. 
■eanan and W. C. Skinner. • 1 fcfwbar 1944* K.D.T.R. 

pile io* a-ciss. 

Bibliography on the Phyaloal Properties of tkmniisa 
BOmfloorido* Relen Johnston • 18 Ally 1944» IUD.T.R, 
Pile Bo, iUl297« 

Bibliography on the Chssdetry of Onmian Beaafloorlde • 
Belen Johnston • 19 July 1944* M«D*f»R» Pile So, A-C100 



Boohaniosl testing of Berriera » C» took • 13 October 
1949, B»D*t,R« PUa Bo, A»1S*S. 

lheraal and Bleotrioml Properties of Berrier Refer!*! • 
A* R. Uyr ot aJU • IS January 1946. R.D.T.R. rila 
Re. A-ftOO, 



for MS P osso h sr 1944 - W. P. lAbby - 19 fteeottber 
u K.D.T.R, Pile Bo, M-M09* 



Standard oystsv for testing Diffusive Barriers • E, Briggs 
OtAl* 17 August 1944. K.TUT.R* Pile VS. A-31S4. 

Bevlsv of Barrier Sops r ation theory * W# a» Pollard and 
A, J. 4e Bettiune * B9 fiooenbsr 1944. M.D.WU Pile 
Bo, A-C194. 

General Bleotrle »» 4nalya*r • Mario Antenass! - 89 
D eeeafcar 1944* M.TUT.R. Pile Bo. A-tlTS* 
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Rapid Sep&mtlon Heasureoenta en Pull Length TtJbas • 
Richard », Bernstein • 27 Ootobor 1044* >UD.Y<R« Pile 
Ho* A-6147, 

Standard Diffusive Usesuropsnts on Short Tubular Barriers 
W* A* Schneider, R, Bernstein, and l>« Trauger » UD June 
1944* l£«D«T,R* File Be, A«tlB7, 

Bibliography en the Correal?? Action of Cranium Hen- 
fluoride, Pluorlne, fydroecn fluoride, and PXuoro- 
earbone « fielen Johnston - IB September 1944* K*D # T*S. 
Pile Bo* *4101, 

Plueroearbon die • «• T, Miller • 0 Amuary 1946* 
K*D*T,R* Pile Bo* ArtlBS, 
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Purchase Orders ly 8AK laboratories under Oontrects 

o&*r<412 
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Contract ««7405««n8«t71 with amoral Ileetrie Company for 
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the operation of the K-25 Conditioning Plant. Manhattan 
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Contract tr-YA05-eng-26 with Carbide and Carbon Chemicals 
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Manhattan District Classified Contract Files, 
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Contract Piles. 
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Contract *-74Q5-cn&-62 with Allis-Chala»rs Company for 
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Contract tf-7401-crtf»l4 with Linde Air Products Coop any 
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codde. Manhattan District Classified Contract files. 
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Contract w-7415**enf-35 with A. 0. Smith Corporation for 
furnishing Proeesa Gas Coolers, Manhattan Diatriot Classi- 
fied Files. 

Report on feiseussion of Contracts at Columbia* M.D.T.R. 
File No. A-3256. 
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ELnutto of MMtlnc ho Li lG Jfcraary 1944 »t 
D«Oftttr f Illlnol*. 



TMI *«SA >N«ltt«tft 



WAR DEPARTMENT 

MANHATTAN KN0INCC* OtTT. 



m ri^v Mrw to EIDM 



p. a BOX I4» 
DCCATUft #0 lUJNOM 



Minutes of Meeting held 16 January 1944 at Decatur, 111 



Those present were! 

Aray - Brigadier General L. R. Grcnree 
Lt. Col, Janes C. Stovers 
Me. J or A. Tammcro 
Captain John H. Braiman 
Lt, Boner D. Halker 

Boudaille- Hereby pfcia+lum — 

Mr. C. G. Oetler 
Mr. Don S. Devor 
Vor. Sanford Brovn 
Mr. Paul H. Davis 
fir. J. K. MacLennsn 
Mr. 71. L. Pinner 
Mr. R. C. Smith 
Tr. A. K. Graham 



1. Invent igationtl by E.H. 

Major K (not to be interfered w/fcy the minor) 
Minor A modified in arty way E.H. deeiree 

2. Construction 

Build for K. 



Kellex Corporation - 
Mr, P. 0. Keith 
Mr. A. L. Baker 
Mr. P # B. Gordon 

Columbia University 
Dr. Harold 0. Urey 

Union Carbide & Carbon Coznpair 
Dr. Merrill 
Dr. George Felbeck 



3. Plan for K. process. 



K investigational in N.Y. in present org, heeded by Taylor. E.H. to furnish 
everyone needed to fill in that organization. 

Const, and process changes to be worked out by Kellex w/E.U. advice. 
Stop production of ell unnecessary equipment et once. 
BK. to continue in present position. 

XC to take overall supervisory position, nill tie everything together from 
beginning to end. Ultimate veto power over differences of opinion within 
overall directives of Kellex as to required specs and deliveries. To be worked 
out in detail by UCC end Kellex. UCC Trill secure powders, blend, manufacture 
sheet and furnish to E.H. 

Kellex to coord, product %/ Chrysler and site ^rd other outside agencies. 

Ptowers to be responsible for. delivery priorities end aqjr failure:; on hlr* ptrt 
to be reported at once to me or &s. O'Lecry by pbone. 
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BOOK II • (KSnOOS DXFF0SXOH (R-86) PROJECT 

£ t • RESEARCH 



APPEHDIX •P -1 



GLOSSARY 



Tsn& Definition 



Alnloo - a hltfily wagpetlo a»tallle alloy containing M«<6 par east 

nickel* B-13 per Mat altsoimiq* and B*10 par eent 
cobalt* 



0*4144 - a hirfily f luoriaetod Itibrleatinc #11 aidtabla for mm in 

aontaat with fluorine ar uranlm hexaf liaorlde 
(Book TIl)t 



Ohain raaotion • a reaction abloh proceeds in audi nanner that 

nlnuta^ fundenentelf component entitles react with 
cne another in auoh a way that am ar nara af the 
products resulting fron each fundamental raaotion 
acts as a reapont to initdtate an identical reaction 
in adjacent elmilar aateriaU If the products 
resulting from a apeelfied nuriber af fundamental 
reaotione oawse the initiation af an equal (ar 
greater) ausfeer af eeeendary reactions, the ahaln 
raaotion ie aaid to be self«*uetainlng ar (Multiplying) 

Komr • a aetallio alloy used in famine aetal to glaae jolnto* A 

typloal analyaie would be B9 par aant nickel* 17 par 
east cobalt* 0#5 par aant magueee* and a traoe af 
irotw 
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MFR-10 • a Mgily iSuorinatod plaetio mtorial auitable far wee in 

aontaat with fluorine ar wraniun haxaf luoride 
(BaoJc YII)# 



ffuolear fiaeian • the prooess in whioh the melons af an a ton Is 

aplit into several parts ubieh are af the aant ardor 
af nepiitule, as distinguished fraa a process in 
etiiofc a snail part af the nucleus* af welfiit equal 
to only a enall fraction af the total nuoleus, is 
split off. 



Definition 



Poly TPl • a special fluorlnated plaatle reaiatant to uranium hm« 

fluoride and fluorine, and oonaletinc of a polyiaer 
of tetriifluoroctfaylene (Book VII )♦ 

Radioactive decay constant • a ntrarloal quantity wed to oxprees 



8AH 62-100 eteel • cue of a largo auribir of ateele epeoifled for 

a partieular we fey the Society of Automotive 
Engineers* 

Bylphon • trad* oust for a partieular lypa «f •orrttfl*tad aatal 
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tyoor glaae - a oonoerolal glaae of hl£\ ellica eontentt 



IWJnMTCfcH DISTRICT niSTaEy 
BOOK XX - (RSDOUS DIPPUEION (K-25) PROJISCT 

TOURS t • «Ksn/j?cn 

KET PEB30HBBL 

So. Title 

!• Jmy Pftrtonntl* Colu&ia Ajv* v 

B» toy P»r»«mtl, IAK Uboaratoriw. 

f • K*y P»r»«nr*l # Bell f»l»phoa» laboratories 

4# by Portomwl* Prinooton ttalwreity 

* 

6* Ity Ptnoanol* Kolloae Corpwatico (RoMtroh ooJy) 

6* Way Ftraomalj Intorohndoal Corporation 

7. Key Pereonnol* California Irs tl tut© of Ifcohnolo-y 



KEY fW-SOtfil, CWBIf hhht 



pouch. Major B. K. Jr f • Area Engineer from Kerch 1943 to January 1944; 
adniniatri.tion of reeoerch contracts under' the Jurisdiction of the 
Columbia Area* 

Browne. Captain S. H. - Technical Advisor to the Arer Ei*gineer on 
matters pertaining to scientific research ant* development from 
June 1943 to i'ebnrry 1944. 

Ca/abs. Captain C. C. - Executive Officer from May 1944 to July 1945; 
assisted in the administration of contracts, and the supervision 
of Area Office activities. 

Grot 1 an. Captain L n 1,. - Executive Officer from June 1942 to January 
1944* Area Engineer from January 1944 to 1 July 1946; responsible 
for administration of contracts under the jurisdiction of the 
Coluiubift Area* 

flicks. Ceota^n K. J. - Lxecutive Oaiiccrj assisted in the acLninistratian 
of contracts, and the supervisioxi of Area Office activities. 

^uke. Ca pt^f] fr, Pi * Technical Advisor to the Area Engineer on aattere 
pertaining to scientific research and development froai February 
1944 to November 1944. 

tioaenblum* Cant ft j p fr n A t • Assistant to the Area hnglneer, Kent York 
Area; research ohe 1st directing Kellex and SAK laboratory group 
on barrier development and quality control problems. 

Mawhinnev, It. R. J. (U.S.tiJi.) - Assigned for duty to the Patent Ad- 
visor, Manhattan District. 

Obcrholtaer. l,at Lt» A. V. - Assigned for duty to the Patent Advisor, 
Manhattan District. 

fond, 1st lt n p t C i P - Assigned for duty to the Patent Advisor, Manhat- 
tan District. 

ftslah. 1ft }l* H. ft f - Assigned in September 1945 by the Manhattan In- 
telligence and Security Division to Columbia Area, directing Area 
Intelligence and Security Section. 

Allan, 2nd Lt. G. S. - Assigned by the Manhattan District Intelligence 
and Security Division to Colun*bi£ Area, directing Are*: Intelli- 
gence aiid Security Section, fror* January 19^4 to June 1945. 

Cftllef^er, M/Sct. J, H. - Special Asoietort to the £re*'i hnginter; 

Project Architect j prepared special reports for the Arer hn^ineer; 
controlled iaeufciice of special process oateriide t contractors. 
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Psiurzynflki,* K/frqt« J t I T - Directed the Property # Procurement and 
Lquipaeut Control Section; maintained property records for the 
Area Office and for c>ntrcctore« 

Fischer. D. - Supervised actoaniatrfctivc aections of the Aro& Office; 
Chief Project Auditor performing fiunl audit 01. contractors* 
vouch* r». 



KEY FTJLZO'i:T&, S/.V L/.3:jfcATCMES 



Ad3gr ff Dr. Edward - 
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Beok. Dr. Clifford t. * Supervised research on aathods for ths mechani- 
cal testing of barriers; January 1943 - December 1944* 
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- Conducted research en gas bearing blowers and 
their fundamental behavior and design* 



Booth. pr r Eugene T. - Directed the work of all physios research groups 
concerned with studies of aethods for testing separating efficien- 
cy and physical properties of barriers, as veil as assay asthods 
such as aass speotronetere, oounters, fission anal/sis, etc* 

ftrown. Dr. Earl BL Conducted research on the composition of furnscs 
gaaes and the effect of furnace atmosphere on barrier ductility) 
J ebruaiy 1943 - June 1944* 

Brown. Dy „ frffilKllf i$ - Directed the wort: of all applied ehe^atzy 

and ehowlcal engineering groups concerned with barrier development 



Brown. Dr. Henry - 
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- Supervised research on the synthesis of fluoro- 
earbons) January 1943- April 1943« 




- Conducted reeeareh on tests and asasuraaents 
of the flow of uraniua hexafluoride and inert gases through bar- 
rier*. Perf orme d early experlaenta on high te^iperature fluori- 
nation of barriers to increase corrosion resistance* 




^ • Conducted research on dust plugging and surface 

areas of barriers; January 1944 - January 1945* 

- Supervised research on plant conditioning pro- 
ceases, conditioning equipment and systems; design and life test 
studies an valves; experi mental operation of pilot plants* 





- Conducted research on the uae of fluoro carbon 

oile as lubricant in the presence of uranium hexafluoride; 
December 1942 - August 1943* 



net leal atudles 
1944. 



Directed t& fundamental theoretical and aathe- 
of plant design anc operation; July 1940 - April 
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Ccsk. Vi * Crahan - t-vriwc U;o Pi.-t-cU:: ir. *ec:tiri£ end cocr<;ii.atin£ 
ell research and development studies with special emphasis upon 
jor rdainiatrativc prooleue* 




DELETED 



Croi/?hton» Dr« K. Jamais - Supervised all patent work and acted as 
special consultant and liaison fleer between SAP. and Decatur ad 
DA barrier production* 

Crist, Dr» Ray H» * Directed and coordinated all re sear oh end develop- 

J neat etudit* cor*3ucte<J for the Manhattan District at the Carbide 
and Carbon ChaJLcfils Corporation, SAM Laboratories* 



?r» Sylvap - Supervised the construction and operation of pilo 
piruits lor testing barrier performance in isotope separation; 
February 1943 - Kovwober 1?44* 




- Assisted and coordinated all re ae arch and 
development, with social attention to adoinlstrative dutiee; 
Associate Director of SAU laboratories, January 1944 • February 
1945; Consultant from latter date. 
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pay* Dr. Yh^g G« • Supervised research and development on flow prop- 
erties of barriers, mieroeoopic and heat treatment studies; lal>» 
oratory servloes for the barrier production group* 

peVrles. Dr. Thomas • Conducted research on laboratory techniques in- 
volved in corrosion studies and investigated the behsvior of 
rubber when exposed to corrosive gases; Deoar&ber 1943 - June 1944. 

De'i'.itt. Pf. Thomas W. •> Conducted research on absorption snd surface 
arose of barriers; January 1944 - December 1944* 

* Conducted researches on the development of dia- 
phragm Motors j**3st art ing and stopping of gns bearing blowers, new 
types of blowers a*td blower ben rings. 




- Directed all research and development on mechanl 

cftl engineering problems, pilot plants, process operatione and 
isotopic methods of analysis; July 194U - December 1945* Directed 
all research on the diffusion project at Columbia Onivercity from 
July 1940 - December 1941* 

Elvlru Fr, Joserfr C t - Directed research and develoj merit of DA barrier, 
includirifc pilot plant production; lfarch 1944 - January 1945; con- 
sultant since latter date* 




„ mm w^w^. T , • Cone ae tea research and development ol vacuum test- 
ing; directed school for tlte trtinint ol vacuo* engineers; *ebru- 
m> 1943 - Jul* 1944. 

fcr-~ctt, ptm reu} H f - Directed all c;ic^ical research dealing with cen- 
sus tion, plugging and stabilisation of berriere; with the oorro- 
axon ^atoriale and with the development ol fluoroenrbons; August 
T>43 - Jiovc^btr 1^44; consultant since latter date. 
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FaiyU Dr. Charles U. -J 




* Assisted in the direction of research and de- 
velopment of A barrier; planned and organised laboratory and pilot 
plants for this purpoae; March 1943 - January 1944. 



ir P Dr. Roforfr p a - Supervised studies of plant oondit 
corrosive action of gases; Koveuber 1945 ~ Joly 1944* 



DELETED 
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tfeec. Dr» Sla^ n - Coooucteo ro search ori X-ray diffraction and electron 
diffraction etudiea of surfaces of naterials of plant construction* 



Doe 

k(t) 




rt A. - Supervised operation of the A barrier pilot plant; 
July 1943 - January 1945. 

ft roesc. Dr. Aristid von - Supervised research on fluorooarbona, on the 
inarga;<ic chemistry of urarJ.u& compounds and on their phyaical prop- 
erties; July 1940 - December 1943* 

paendler> tr. Hslauth iL - Conducted research on organic and other cod- 
taulnating mote rials in plant, and special studies on stabilisation; 
developed control jssthods for carrier manufacture, 

thur C« - inducted research on Mechanical prjtO.eoa dealing with^Q^T 
tt* rut bcnrjnc blower; July 1944 m December 1944. 1 



bf») 



Hprrie 1 T>. Proton M f - 
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Herrlek. I: 

c 
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flcraer. ynvo p. - Coueultwit on general lubricating problems, boariii£ 
theory and petent 'ae tiers concerned with tiie g&a bearing blower; 
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Ocicber iV43 - January iV4>. 



oT urHfiiu^ h*\afiuoririe, 4ynaolc barrier plug^in^ testa and on 
tlxk^XQcw ucxisi acvfao ae lUleon a^ent between £JA*J Laboratories 
arid tno K-2i> Site; December 1943 - January 1945. 



Ikarej. f Jaauii^ k - Directed reewch at Cornell University on eub- 
attract for ■erauref^ent of the JUrejr diffraction of uranium hex*- 

fltnriooj July 1v2l> - Jun* 1944. 

Hi ^l 1 ftr. Dy^d j g ^ - Conducted research on tha counting oat hod of iao- 
* topicariaiyaia; JuV ±942 - Koveoocr i9A3» 




- Conduotad raaaaroh on prooaaa variaolee in DA barrlar 

production and oporatad pilot plant for thia purpoee. 

fojghraa. Mark G« - Conduetad raaaaroh and development etudiea on oaaa 
epectrooeter Method for aaeny anc anajjraie of plant gaa iuixturee 
and for iaotopie abundancaa in uranium eoqpounde. 

ftanlan* Dr. Irv^r^ - Suparviaad prineipal thaoratieal and mathematical 
etwUee on plant dcaign* operation and improvement. 

ftedL»ir. Dr> Jotifi S. * Conduovod raaaaroh on phyaicai oheoiatry ol uranium 
and fluorine ooopounda* 



ox. Dr r Kllliam f?. - Conducted raaaaroh on atabiliaation of barrier*, 
eonaiuption ox* prooaaa gaa and corroaion probxeme* 



of uranium aoopounda; October 1943 - December 1945* 




rr 



- Conducted reeearch en the development of 

aethod a for inert fee and eeparation faotor teeting of b&rriere; 
July 1942 - November 1943* 



for the D/ barrier pilot plant j September 1944 - January 1945* 



eaett 
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Libby. Dr# h. f\ - Directed nor* ol all cher«ietry group a concerned with 
fundamental atudiea of etabi^Llaation and plu*^in£ of berr^era, con- 
sumption of proceao fit a b> barrier and plant conetruction cateriele, 
and the devaloj^^t of ne* m&irwr-Ulfi such aa the fluorocajbona* 

C2 



jfong. Pr> Kar^ A n - Conducted research on the ther^ocjynatllc properties 
of uranium oorcpoundfij January lyiji - March 1943* 

J. r von. f>r. Aahton iq. • Conducted research on the dovelofxaetit of Kti barrier 
and the correlation of KB production data* 



ffack. Dr. Rdward. Jr. - Directed all research and development on the pro- 
duction of A barrier, including process control and pilot plant 
production; November 1943 * August 1944. 

McMillan. Dr. Mlllan C. Jr. - Conducted research on effects of absorp- 
tion of process gas on surfaces in the plant, 

onian. ftdward K,,V 
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« Conducted research on gas bearing blowers, blower beai>- 
ings, theory of eentrifugal compressors snd the engineering de- 
veloj»sn(t of pilot plants for isotope separation. 



fllles. Dr. Francis T. • Supervised research on stabilisation and plugging 
of barriers, snd process gas consumption. 

filler* Pf . Killiam T. • Supervised research on fluorooarbons and their 
development for use in the diffusion plant. 

yoore. Dr. Walter , J. Jp« - Conducted research on barrier stabilisation 
and consumption j January 1943 • May 1944* 



snd Theoretical Groups and in addition was responsible for all 
technical reports including their editing, reproduction, distri- 
bution snd custody. 

Meubaucr. Kmll T. P. - Conducted research on the development and 
of seals for gas bearing blotters; March 1943 - April 1944. 



cnsiy fx. Albert fi . - Consultant on heat problems involved in the con- 
ditioning of ^barrier dif fusers; July 1944 - September 1?44. 

y^erenbe^g. filliam A. - Conducted research on theoretical studies of 
cascades, single sts^e diffusion units arid design of plants for 
isotope separation} experimental studies of oixing efficiencies 
and barrier separation efficiency. 

ftix* Hr. foster C. J 
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]Fftxtff i \ fl pr, Hxifth C ff - Supervised research on isotope separation In 

single stage systens and on engineering teats of tubular diffusers 
and blowers; January 1943 - July 1944* 

K. Jr. 



electron adcroscope studies of structures of barriers and other 
nffLorirla of ; lent construction* 

Pontius, pr, Bex £> • Conducted research and development studies on 
Methods for testing small samples of barrier materials for sep- 
arating efficiency with uraniur hexa/luoride, 

^ Fricst* Homer F« - Conducted research on corrosion of plant arteritis 
and on the physical properties of uraniur. compounds: V^rch 1*>41 - 
June 1944* 

jtoberts. Dr. Iprifl * - Conducted research on correlation of inert gas 
testing methods uned in plants with inert gas separation effi- 
ciencies measured in laboratory 
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Roth, Pr« Walter L. - Conducted reaeurch on rate* of corrosion 



fcabv. Pr. ttlllard By 




v 



DELETED 



George 



b*rri«rsj coordinated and interpreted experimental results on bar- 
rier theory; sdvieed and p]*nr,ed new res*«rohe*# 

Urer. Dr« Harold C» - Sponsored or directed all research end develop- 
ment studies at the S'AI Iabsrctorler m the separation of ureal un 
isotdpes by the diffusion »ethod under various government centred* 
with Columbia University; December 1941 - February 1945* 

. W*r;4U Pirn N ?i J )Qot 





West. Lr t E ^ UJlf m * Conducted research on the oehxvior of wruw ii: 
the prrsence of flowing pra^iu* hexsfluoritiej December 1*42 - 
Reveler 1943. 

Hfilliaflit r Dr. Clarke - bupervieed research on ^peotro&ieti ic ant! other 




analytical Mthods, high t«ouu» mm otn«r 
high TMiun pilot plant davalopamt rataarah. 
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FERSQKtfEL, BELL TELEPHONE LABORATORIES 



- Bvpwriaor and •oordinator of all roaaaroh and do- 
talnpnit for tha Manhattan District at tha Ball Tolophono Lab- 
•ratoriaa* 





- fi^parviaor of aorroalon, oanraaption and barrier 
plafflnf atudiot* 
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• Bttpomrlaad awtallargieal and aiaroaooplo studio cn 
or naiorlala* 



■hit*. A. Urn J 

^^^^^^^^^^^^^^^^ 
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EET FERSOKHEL, PRDfCSETOS DNIVEHSITT 



- Coordinator ef Princeton ttnivereitj terrier re* 
search activities. 





- Directed research work on terrier properties* md 
4evieed snd euperrieed new operlasntal techniques, 

- Supenrieed end directed sli research and dcvelcp- 
■ent studies conducted for the Manhattan District at Princeton 
University on terrier production and use* 





• Zn charge ef optical studies and testing. 



«EX PERSONNEL, XEX1EX CORPORATION (RESEARCH OMIT) 



Abbott. T. Am - X&rtroMnt £nfirw«r. Participated in th« dtilapamt 
•f Niwil uniqu* pnamtn, t«p«r*tur» and flaw atAturing and eon- 
t*»Hlng d«Yio«i. 

Arnold. J. K- - Diroator of lallox roaaareh and dorolopaunt. Bupar- 
▼iaod and ooordinatod all raaaaroh and daralopaant atadioa and 
eibor toahtiiaal phaaaa of work andor 06BD and Manhattan Diatriat 
aontracta, 

Bakar. A. L. - Projoat Managar in aharga af ganoral adnlnlatratlon and 
•aahanioal onginoorlng - Manhattan Diatriat oootraot. 

Banodlat. Dr. - Boglnaar in aharga of Proaaaa Daaigxu Plannod aueh 
of tha axpariaontal work an barriara, aorroalon, pilot plant, oold 
trapa, vooonn puapa and aoolara mdor OBRD and Manhattan Diatriat 
aontraota, Carriod out all tha fandanontal aathanatloal atudiaa 
af tha diffualon proaaaa and oatabliahod tha haaia prinBtploa wpon 
tfiiah tha doaifi of tha plant ia foundod, Alao dovalopod tha pro- 
aaaa doaign far tha antiro plant and anxlliarlaa oaaaptlng wtilitioa. 

lAtWTi jfri Hi Mi • Canaultant Chaalat. Grltioall/ rariowod ooaantlally 
all phaaaa of tha raaaarah and davolopaant wogfcj aidad in aottinf 
af apooifloatlona and prooodoroa for larga ooalo nanuf aoturo of 
apooial aatariala and oontlnually Inapaotod and oonatruatlroly 
arltioisod ahanlaal aapoata of auah manufacturing unita and af tha 
larga diffualon plant* 

Bobba* J. C« - Ganaultant Maohaniaal Bnginaar* Davalapad a aonploto 
lino af valvoa af viiqua daaign for raauan aonrlo*. Darolapod 
qpooial aayanalan Joint and daaignad aaroral nodola of mull ooalo 
diffualon unita. Alao oonaultod an a rariotj of othar doralopaant 
problaaa* 

iljgirtrihniira F* A * • Inginoor in aharga of alaanlng. SuparTiaod davalap- 
aant af and applioation of oloaning aathoda* Alao aupanriaod do- 
▼alopaamt work on nlakal plating* 

Jaaoba. Dr. R. B r - Phjraialat. Daralopod vaouoa taating toahnlquoa and 
apaoial vaauon oqulpnont mdor OBRD and latar andar Manhattan DLo- 
triot oontraata. 

Johnaon. Dr. C. A» - Roooardh Inginoor* Dovolopod barriar orontualljr 
«ood in plant* Alao ouporriaad nuah af tha oxporlnontal work an 
oorroalon, pilot plant, oold trapa and aoolor andor 06 BD and Man- 
hattan Diatriat oontraota* Ha alao auporrlaad oquipnont doralopnont 
toata in oonjunetion with larga plant operation. 

ftith. P. C> • Vioo Pro aid ant and Bxoeutiro in Charga of tha Kallax 
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barrier daralopaent of both Itlltx and SAM Laboratoriaa which lad 
to the product oTttntualV uaad In plant. 

Watt a. 0. - Xoginoar in charge of puqp departaant. Supcrvicad all 
dar^lopaent work on apcoial procaaa puapa including Allia-Ctaljaara, 
Valley Iron and Elliott model a. Alao eupercieed performance toata 
at factory and plant. 



r mSGNRKL, OTKRCHKMXCAL OQSPOSATXOi 




- Dovolopod nothode for Mount* aiM dotondnatlona on 



natal povdoroj also Motioning aothoda and toehniquoo for olootron 
alaroooopo ocnanlnatlon of tho intorlor and oorf mo of barrloro* 

Ami. Dr. D. M. • Aaaiatod with ouporvlolon and ooordinatlon of all ro- 
ooaroh and dovolopnont oWdloVf or tho Olotriot at tho BoMaroh 
LaboratorlM of tho Intorononioal Corporation. 

Ooaalar. Dr. A. 1. - Sqporvlood and ooordlnatod all raooaroh and dovol- 
opnont otudloo oonduotod for tho Manhattan Blotriot at tho BoMaroh 
Laboratorloa of tho Intorohoaloal Corporation. 

fir— n. H- - 6qporviood nloroMoplo work In oonnootlon with roaoaroh on 
natal pondoro* 



nor FKRsomxL, California nsriron or tecwoloot 



fltlfTfi Vf' §• ¥t ~ Btffarfiaad and aoordinatad all raaaarah aanduatod 
at tha California Xnatltato af ltahnologjr. Originated and 
— thoda for tha a tadr of burkr ■atri al./ 
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rJ&Maltant thaoraUaal aattara ralatia* W bar- 
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Jpooiflofttions. 2*8, 3,7 

Jtabllity of operation*, 3.11 

04 Stagt pilot plant, 3.11, 7.1 

stfegt, ^rooeoa, 3,6, 3.9 

Steady otftte, 3«4«8.8 

3tobMi :feohln* Conpony, % J., 3.26 

^troaotan, 3.1 

lulfurle oold, 4.28 



Taylor, '« 8., 2.4, U.t, 11.4 
Taylor taatrucwjt Cowpeny, 8.3 
Teat Floor, 7,1 
Thonaon, J. J», 0.4 
Toluene, 4,29 
Tonemnda, ?T, v ., 4.33 

Tour, Tno., 3an, 4,10 
Trent Tubo :*4iufaoturing Cac$jeay, 
4.18 

Trlohlorethylene, 4.3, 4.22, 9.11, 
. 0,28 

Troobly oheet, 4.38 
Turbulsnt niacin rfr 3.11 



"talon Carbide and Carbon Corpo- 
ration, 2.2-2.3 
MlToralty of liloajo, 9,1 
* talvnrslty of ' inrooo a, 3.1, O.ii 



UraniU2«234, 0*28 

Jrfcrdun-835, 1.1, 8.1 ff # 3.8, 3.10, 

5,16, 6.26 
Urojr. I!# C., 2.1, 2.4, 3,0, 11.2, 

11.3 



Vhtuum tl£htaiMa # 9*9. 3.10, 7«8 f 
7.8 

VfclUy Iron Works, 6,81 
Virginia po*d«% 4*88 
Vbti 3pomc, A., 2.1, 6.20 
Vulttool, 4.18 
Ttyoor fktsft* 4*8 



H&r Dopartngnl), 3.6 
Arming fin. 6.11 
T%ttn»t*r. 6.88 

r^etern Fl#otrio Compaq 2.9, *1.4 
tvMtln^houM Elwrfcrlo and Huxu* 

f&aturliig Cacpanp, 8.18. 8.19. 

5.24, 6.28, 6.10, 7,4, 7.7 
WbMtatom bridge 6*27«6.28f 6.32, 

6.36 

v.Tdtehead Ifetal Product* Corapary, 
7.8 

nim 0 W». 6.4 



Y«12 Pro Joe 3.5 



?inc» 4.10 



